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1 Introduction 

Cities play an increasingly important role in society, with over half of the population now 

living in urban areas for the first time in history. These increasingly large and demanding 

concentrations of people, consuming 60 to 80% of global energy, are largely responsible for the 

currently excessive greenhouse gas emissions and the associated symptoms of climate change, 

including a whole series of changes in the ecosystems. Some of them are already visible today. 

Indeed, cities usually have [1]: 

 More elevated temperature than the surroundings (Urban Heat Island effect) and altered 

rainfall pattern; 

 Accelerated water movement due to an higher imperviousness of the soil; 

 Increased levels of carbon dioxide, nitrogen and other nutriments, which can lead to adverse 

health effects and smog; 

 Different fauna and flora communities due to a changed habitat’s and food’s availability. 

With a world urban population still growing at a fast rate, urban management is a crucial field for the 

coming years. In order to develop more sustainable urban design that reduce resources uses and 

minimize wastes, it is necessary to understand in detail the feature of current cities and the 

interactions between the different processes necessary to fulfil the human needs. 

Having performed our previous semester project about the impact of urban form on the energy 

consumption for the municipalities of Fribourg and Villars-sur-Glâne (in Switzerland), we have 

determined our area of study for this current work to be the city of Fribourg again, in order to exploit 

at the best the knowledge gained during our first semester project. 

The goals of this project are the followings: 

 To understand the principles of  urban metabolism and compare its two approaches (Emergy 

Analysis and Material Flow Analysis); 

 To quantify the resources inflows and outflows for the city of Fribourg; 

 To develop scenarios and strategies for a more sustainable city management and an efficient 

use of resources. 

First, a characterization of our area of study, Fribourg, will be provided. Then, the concept of urban 

metabolism and its two approaches, Emergy Analysis and Material Flow Analysis (MFA), will be 

introduced. The data acquisition will be described and schemes illustrating the resource uses in 

Fribourg following the MFA principles will be built. After that, drivers and impacts of the energy 

consumption on the environment and on human-beings will be analysed. Finally, key aspects of the 

resource use will be identified in order to develop scenarios for a more sustainable city management 

and an efficient use of resources. 
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2 Site location  

Fribourg is located in Switzerland, in the canton of Fribourg, on the Swiss plateau, the most 

populated and flattest region of Switzerland. It is composed by plains and small hills. Fribourg is the 

main city of the area and is an important economic, administrative and educational centre.  With a 

population of 36’633 inhabitants in 2012 [2], it is considered as a city of medium size for Switzerland. 

Fribourg is situated on the language border between French and German and is crossed by the river 

Sarine. The lake of Pérolles, a reservoir formed by Maigrauge dam on the Sarine, is partly located on 

the municipality. The old city is located on a hill which rises about 40 meters above the valley floor. 

Figure 1 shows the location of Fribourg. 

 

Figure 1 - Location of Fribourg 
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3 Urban metabolism 

The concept of urban metabolism is based on the consideration of a city as a single 

enormous organism with metabolic pathways of input, processing and output. Cities import food, 

water, materials and energy  from their surroundings, that they transform in human biomass, 

buildings and product, transport humans and materials from place to place and export a range of 

wastes, in the solid or liquid form, or as gas (emissions) [1] [3]. These processes are sketched in 

Figure 2. 

 

Figure 2 - Illustration of urban metabolism 

The aim of the study of urban metabolism is to provide quantitative information about the 

consumption of resources and the generation of wastes in order to develop more sustainable cities. 

Cities are quite complex in the sense that they are themselves hosting multitudes of organisms, like 

humans, animals and vegetation. A city is an open system, exchanging energy and matter with the 

surrounding ecosystems. Daily movements of people (and therefore of motorized vehicles) and 

animals are occurring into and out of the city. Furthermore, weather forces, bringing moisture and 

heat to the city through the presence of sun, wind and rain, should also be considered. 

Natural ecosystems are often more or less energy self-sufficient and approximately conserving mass 

through recycling by detrivore. On the contrary, contemporary cities have large linear metabolism 

with high flows of energy and materials [3]. 

Patrick Geddes was the first, in 1915, to analyse the evolution of cities based on energy flows. Since 

then, two non-conflicting approaches have been developed to assess urban metabolism [4]: 

 An ecological approach, the Emergy Analysis (Harward T. Odum, 1971) 

 An engineering approach, the Material Flow Analysis (Abel Wolman, 1965) 

These approaches are described in the following sections. 



4 
 

3.1  Emergy analysis 

This analysis is considered as an ecological approach in comparison with the other one. It was 

first introduced by Harward T. Odum in 1971.  Through his work, Odum noticed that all forms of 

energy (sunlight, electricity, heat from fuel…) do not provide the same amount of work (this concept 

can be found in the exergy analysis as well). This approach perfectly suits to the conceptualization 

and the assessment of urban and natural system’s efficiency.  

In the Emergy analysis, two terms are omnipresent:  emergy and  transformity. 

 Emergy: “Emergy is the available energy of one kind that has been used up directly and 

indirectly to make a product or service. It may also be considered as a measure of the 

entropy that has been produced over the transformation process.”[5]. A concept of energy 

quality is therefore defined in emergy; the value of a product or a service is given according 

to what was invested into making it. The computation of emergy can be made with the 

following formula: 

                                                 
   

 
  

“The unit of emergy (past available energy use) is the emjoule to distinguish it from joules 

used for available energy remaining now.”[6]. It is expressed in solar equivalent exergy [seJ], 

as the sun drives the work of the biosphere. Therefore, the solar energy can be considered as 

the source of all resources and environmental services. 

 Transformity: by definition, the transformity for a product is calculated “by summing all of 

the emergy inflows to the process and dividing by the energy of the product” [7]. In other 

words, “transformity is defined as the emergy (in emjoule) of one kind of available energy 

required directly and indirectly (through all the pathways required) to make one joule of 

another type” [6]. Transformity represents the ratio of emergy to available energy and is 

derived by considering all the resources and energy that went into making the product and 

by expressing them in solar energy amount.  Transformity describes the growth, depreciation 

and interaction of ecological systems to social systems.  

To conduct an Emergy analysis, the system boundary should first be defined and an energy system 

diagram has to be created to represent the system’s features, inputs and outputs.  
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Figure 3 provides an example of such an urban energy diagram [4]. Specific symbols, presented in 

Figure 4 are used in these diagrams. 

 

Figure 3 - Urban energy diagram using symbols of the energy circuit language  

 

 

Figure 4 - Specific symbols uses in energy diagram 

The two next paragraphs give the benefits and criticisms of the urban metabolism approach. 

Benefits 

The Emergy approach is very convenient as it expresses all kinds of energy in terms of solar 

equivalent and therefore allows comparison of the quality of energy driver. Moreover, it includes 

effects of non-commercial fluxes (information, rain, human labor…), providing a measure of standard 

of living. Furthermore this analysis is very comprehensive and adequate to value ecosystem goods 

and services. Lastly a major benefit of the Emergy method is that it allows comparison of goods and 

service from the environment, society and economy. This approach gives therefore a deep insight for 

a better management of the natural environment.  

Criticisms 

With this approach we are facing some difficulties and uncertainties in assessing and computing the 

emergy value because it is relying mostly on guesses. In fact, computing the transformity of some 

goods is very difficult. For example it is impossible to quantify the amount of sun required to make 

one kg of oil. For this reason, the Emergy approach is considered impractical by some. Additionally to 

these difficulties, its conceptual complexity (computationally and data intensive) limits its uptake by 
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policy and decision makers. Furthermore this approach does not take into account one fundamental 

principle of economics, the human preference and demand for certain goods and services. 

Consumers will indeed be willing to spend more or less resources depending on the attributes of the 

goods that they find attractive. Emergy analysis may provide some insight concerning the energetic 

quality of a product or services, but do not take into account the economic utility associated to it. 

As a conclusion, the emergy approach is “a view of the urban ecosystem as a set of energetic flows, 

to and from the urban system, providing a workable conceptual link between urban natural 

environments.” [8]. 

3.2  Material Flow analysis 

According to Brunner and Rechberger, “Material Flow Analysis (MFA) is a systematic 

assessment of the flows and stocks of materials within a system defined in space and time.” [9]. This 

approach is based on the conservation of matter. Similarly to the Emergy Analysis, is it quantifying 

inputs, outputs and stock changes by connecting the sources, the pathways, the intermediate and 

final sinks of a material. It can therefore be controlled by a simple material balance (input mass = 

output mass +/- stock change). The main difference with the Emergy Analysis is that the material 

flows are expressed in physical units (usually mass/time) in MFA, which makes this approach easier 

to understand for decision-makers. 

Some terms related to MFA  are often used and are defined below according to the “Material Flow 

Analysis Handbook” written by Bruner and Rechberger [9]: 

 Material: substance (single type of matter consisting of uniform units) or good (substances 

or mixtures of substances that have economic values assigned by markets). A good can also 

be something immaterial, e.g. energy, services or information; 

 Flows/Fluxes: expressed respectively in mass per time and mass per time and cross section, 

they are called imports or exports if they cross the system boundary; 

 Process: transport, transformation or storage of materials. Processes are linked by flows or 

fluxes;  

 Stock: defined as material reservoirs within the analyzed system. Expressed in the physical 

unit of kilograms;   

 System: set of material flows, stocks and processes within a boundary defined  in space and 

time; 

 Activity: set of systems needed to fulfil a basic human need such as to nourish, to reside or 

to transport and communicate. 
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An example of a diagram describing the MFA of a neighbourhood is provided in Figure 5 [10]. 

 

Figure 5 - Example of a conceptual representation of the processes studied in the MFA of a neighborhood 

Analyzing material flows associated with a certain activity allows the early recognition of problems. In 

this view, MFA is a tool that can be used to assess the physical consequences of human activities and 

needs on the environment and that is providing an indicator of sustainable development, helping a 

better management of resources and wastes. It allows also a better understanding of the effects that 

the change of a single process may have on a system due to potentially hidden interactions between 

components.  

MFA can be used either to evaluate existing systems (e.g. food production or transportation) or to 

support the design of new, more efficient systems. 

Benefits 

Material Flow Analysis (MFA) is providing a direct quantitative measure of the actual material and 

energy flows through an economy, which can constitute a reliable and objective basis for decision-

makers to develop scenarios for a better management of resources and wastes. Compared to the 

Emergy analysis, this approach reduces the system complexity, while maintaining a good basis for 

sustainable development. The results provided by a MFA are reproducible, understandable and 

transparent. On the contrary to the Emergy approach, no “guesses” has to be performed. 

Criticisms 

Similarly to the Emergy approach, Material Flow Analysis needs a lot of data to be implemented. To 

find reliable data at the scale chosen for the analysis is often the biggest challenge. Data derived 

from various sources and estimation based on similar cases had often to be used. Another criticism 

associated to MFA is the fact that it is not accounting flows like information and culture, which are in 

reality also driving our society. 
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3.3  Choice of the approach 

Due to our relative inexperience in this field and to the limited time at our disposal to 

perform this project, we have preferred the MFA approach for the analysis of the metabolism of 

Fribourg. Indeed, this allows us to obtain an objective, reproducible and reliable basis to work on, 

while avoiding dealing with too much uncertainties and guesses. The data available at the level of the 

city of Fribourg are quite scarce, therefore using the MFA instead of the Emergy analysis would 

allows us to go into more detail and spend more time in the analysis of the flows rather than use it to 

derivate emergy values from unproven sources.  

As we perform our first semester project on the urban, social, economic and energetic structure of 

Fribourg and Villars-sur-Glâne [11], we consider pertinent to focus our study of this semester on the 

city of Fribourg. The scale of the MFA approach will be therefore the city.    

However, it would be interesting for a further project to perform the same analysis with the Emergy 

approach, to obtain additional information about the effects of non-commercial fluxes and to 

evaluate in a more comprehensive and adequate way ecosystem goods and services. 

3.4 Steps and Goals 

This project aim is to provide an analysis of the metabolism of Fribourg city. First gathering 

information is necessary in order to assess the MFA concerning the energy flows in the household, 

industry & services and transportation sectors, as well as for food, water and goods. In this way we 

will be able to analyse inflows and outflows (waste and emissions) for the city of Fribourg. 

As societies have become more centralized, the extent of material inputs and outputs has increased 

greatly. People residing in modern urban area imports much more as they require to fulfil the basic 

humans needs, which leads to high wastes and emissions generation [1]. For example, in the food 

imported in a city, an important quantity is thrown by either stores or households. Per capita food 

wasted by consumers in Europe and North-America is estimated around 95-115 kg/year. At retail 

level, large quantities of food are wasted due to quality standards that over-emphasize appearance, 

or because of lack of facilities to appropriately manage perishable products. Furthermore, consumers 

in rich countries are generally encouraged to buy more food than they need by promotions such as 

“Buy three, pay two” or by oversized ready-to-eat meals. Another reason is that consumers often fail 

to plan their food purchases properly, leading them to throw food away when “best-before” dates 

have expired [12]. In comparison with other ecosystems, urban areas perform significantly less 

recycling, which leads to a high amount of new imports, needed to fulfil the needs of the urban 

population. 

As the city grows, the inputs of food, materials and energy, as well as the outputs of wastes, must be 

moved larger distances, increasing the energy needed to sustain urban metabolism. In addition, 

people also need to move, leading to large energy consumption for transportation purposes [1]. 
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Therefore, the present urban metabolism can be considered as linear (high consumption and 

pollution rate) as shown in the Figure 6 [4]. 

 

Figure 6 - Present situation: linear metabolism  

The goal of this project is to present some scenarios for a more efficient use of resources and for a 

minimization of wastes, in order to achieve in the future a circular metabolism (minimizing new 

inputs and maximizing recycling) as illustrated in Figure 7 [4]. 

 

Figure 7 - Circular metabolism: Future situation  
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4 Conceptualization of the system and data acquisition 

To establish the metabolism of the city of Fribourg, a Material Flow Analysis will be 

performed. The first step is the description of the system and the conceptualization of the processes 

occurring within the system or interacting with it.  Once the relevant processes are identified and 

understood, data acquisition can take place. 

We have defined our system to be the city of Fribourg. The space extend is defined by the 

administrative boundaries of the city. For the time extend, the year 2014 was chosen. However, due 

to scarcity of available data, we were obligated to use also data from other years. 

 Conceptualization of the system 

We will study the processes according to four categories of inputs: solar irradiation, energy, water 

and goods (food, consumption products, construction material, equipment goods...). Of course, these 

categories are in reality interacting with each other (e.g. the solar irradiation can be used as energy 

source), but looking at the complexity of the system, this categorization is necessary to gain in 

visibility. 

Figure 8 represents the processes related to solar irradiation. 

 

Figure 8 - Processes related to solar irradiation 

Of the solar irradiation provided by the sun, a part falls on the area of Fribourg. However, the 

amount of energy that we can use to fulfil the human energy requirement is much lower: losses are 

occurring due to the presence of obstacles and due to technical limitations of devices harnessing the 

solar energy. Solar irradiation will be analyzed in the chapter 4.1: Solar irradiation. 
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Figure 9 illustrates the processes related to energy. 

 

Figure 9 - Energy related processes 

The city of Fribourg is producing a part of its energy and is importing the rest from the surroundings. 

This energy is then consumed by the households, industries and services sector or used for 

transportation. If the energy is in excess (which is currently not the case for Fribourg), it can also be 

exported or stored. The consumption of energy leads to the creation of wastes, in the solid or liquid 

form (e.g. nuclear wastes), as gases (e.g. CO2) or in the form of heat. The processes related to energy 

will be further studied in the chapter 4.2: Energy. 

Figure 10 represents the processes linked with water. 

 

Figure 10 - Water related processes 
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Water is entering the city of Fribourg under the form of rain or as flowing water (though the river 

Sarine which crosses Fribourg). A part of this water is stored in reservoirs and is then used to meet 

the water demand of the households, industries and of the services’ sector. After use, it goes as 

wastewater to the wastewater treatment plants, which treat it before releasing it into the 

environment. Rainfall water is increasing the amount of water that should be treated by the 

wastewater treatment plants, because not all of it can infiltrate the soil in cities due to the high 

imperviousness of the ground. At the wastewater treatment plant, biogas is produced by the brewing 

and digestion of organic matter contained in the wastewater by bacteria. A part of the water 

consumed is also lost for the system as leakage (e.g. infiltration, evaporation). Water-related 

processes will be studied in details in chapter 4.3.1: Water.  

Figure 11 illustrates the processes related to goods. 

 

Figure 11 - Processes related to goods 

Goods are imported from outside or produced (transformed) inside Fribourg. Households, industries 

and the services sector consume some of these goods (e.g. food, hygiene products...), which leads to 

the generation of solid wastes that are either incinerated or recycled. Some goods are also stored 

inside the system, such as raw material that is used in the construction of buildings. Finally, industries 

in Fribourg are exporting a part of their production. Processes related to goods will be described in 

more details in chapter 4.3.2: Food and Goods. 

 Data acquisition 

The biggest challenge of this study was the acquisition of reliable data. For that, we have contacted 

some people involved in the fields of energy, environment, water or economy in the city or canton of 

Fribourg or we have looked on the internet (mostly on the website of the Swiss Federal Statistical 

Office [2] or the website of the city of Fribourg). Some values are also derived from other studies of 

MFA in cities or neighbourhood. For each value that we will provide in this report, the source will be 

indicated. The values further used in the MFA will be highlighted in blue. 
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Due to the scarcity of data available on the scale of the city of Fribourg, we were obligated to use 

some sources edited at the cantonal or national level and derive from it  plausible values for Fribourg 

(considering the ratio of inhabitants, the ratio of industries...). Also, data from different years will be 

used, but, when the data for the year 2014 were not available, we have tried to take each time the 

closest possible source.  

Therefore, the system we will describe in the following chapters is only a representation of the city of 

Fribourg, with sometimes theoretical data derived from other sources. The real resource use in 

Fribourg might differ a bit from the number that will be presented in the following sections. 

However, we think that the system we construct is a plausible representation for a city with the 

socio-economic and geographic characteristics of Fribourg and it will allow us to identify some key 

aspects of the resource use that should be improved in order to go towards a more sustainable city 

management. 

4.1 Solar irradiation 

In this part we will study the influence of the solar irradiation in the city of Fribourg. The sun 

sends us constantly solar energy, with an intensity varying according to the period of the day and the 

period of the year. A part of this energy can be captured and used to meet the human energy 

requirement, either in an active way (solar collector, photovoltaic cells) or in a passive way (passive 

solar) though a wise building design. 

First, a model of solar irradiation for the landscape of Fribourg will be made, taking only the 

topography into account (obtained through a DEM - Digital Elevation Model). Then, a second model 

will be built where objects such as buildings, vegetation and obstacles that can decrease the solar 

irradiation will be also considered (based on a DOM - Digital Orthophoto Map, made with LiDAR1). 

The solar energy received by Fribourg can be considered as an energy input in the MFA. 

Finally, we will study the impact of compactness (building density) on the solar irradiation by 

comparing the incoming solar irradiation (taking the building and vegetation’s effect into account) for 

two neighborhoods of Fribourg with different building density and site coverage.  

In the subsections below, some tools of ArcGIS are used such as the “Solar calculator”.  As we already 

explained the use of these tools in our previous semester project [11], we will not detail again the 

utilization of these tools and we will only put in this report the results obtained. Of course if a new 

tool or assumption is used, it will be clearly explained.  

4.1.1 Input - Solar irradiation map for the landscape 

This calculation was already done the last semester. In this section, only the resulting solar 

irradiation will be given, in the form of solar maps obtained with the help of ArcGIS or in the form of 

graphs, for a comparison between months. For the methodology, please refer to our first semester 

project [11]. All the assumptions (position of the sun, construction of hill shade map…) used in it will 

also be applied here. 

                                                            

1 LiDAR is a remote sensing technology that measures distance by illuminating a target with a laser and 
analyzing the reflected light. LiDAR is popularly used as a technology to make high-resolution maps." 
(http://en.wikipedia.org/wiki/Lidar)   
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For this first solar irradiation map, represented in Figure 12, only the landscape is taken into account. 

Building and vegetation’s effects are neglected. 

 

Figure 12 - Yearly solar irradiation map, without building effect (in Wh/m2) 

The solar maps obtained for each month can be found in Appendix. 

 

Figure 13 - Monthly mean solar radiation, without building effect (in kWh/m2) 
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Figure 14 - Part of the solar irradiation of each month 

During the year 2015, the total solar irradiation is 962.46 kWh/m2. This value is consistent with the 

results obtained during the first semester. It is important to note that this value only takes into 

account the landscape of Fribourg, not the presence of obstacles. 

The monthly mean solar irradiation is 80.21 kWh/m2. However, it is clearly visible in Figure 13 and 

Figure 14 that the monthly solar irradiation varies strongly according to the period of the year, with a 

maximum obtained in June (158.3 kWh/m2) and a minimum recorded in December (9.4 kWh/m2) 

4.1.2 Input - Solar irradiation with consideration of obstacles 

4.1.2.1 Solar irradiation map including buildings and vegetation 

In this section, we will estimate the solar irradiation that reaches the ground taking building 

and vegetation’s effects into account. The methodology use for the creation of the solar map 

including buildings and vegetation is already explained in our first semester project’s report[11]. In 

the current report, only the results will be presented. 

The map presented in Figure 15 shows the solar radiation on the ground of Fribourg, taking into 

account the landscape, building and vegetation’s effect.  
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Figure 15 - Yearly solar irradiation map, with building and vegetation's effect (in Wh/m2) 

The solar maps obtained for each month can be found in Appendix. 

The yearly solar irradiation map (Figure 15) was built by adding the solar irradiation contribution of 

each month.  

 

Figure 16 - Monthly mean solar radiation, with building and vegetation's effect (in kWh/m2) 
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Figure 17 - Part of the solar irradiation of each month 

The yearly solar irradiation obtained considering building and vegetation’s effects is 169.78 kWh/m2. 

This value is very low in comparison with the solar energy that reaches the ground without taking the 

obstacles into account (963.2 kWh/m2).  

We can see in Figure 16 and Figure 17 that the contribution of each month is different from the one 

obtained for the yearly solar irradiation without the consideration of obstacles. May, June and July 

are making an even more important contribution to the total solar irradiation than in the case 

without building’s effects. Nevertheless, the maximum solar irradiation is still reached in June (34 

kWh/m2) and the minimum one in December (0.96 kWh/m2) 

We have to note that these values take into account the landscape, building and vegetation’s effect. 

4.1.2.2 Solar losses due to building and vegetation’s effect 

In this part we will compare the solar irradiation obtained with and without building and 

vegetation’s effect. In this way the solar losses between the two solar maps will be estimated.  

From the results obtained in the sections 4.1.1: Input - Solar irradiation map for the landscape and 

4.1.2.1: Solar irradiation map including buildings and vegetation, we can compute the solar losses: 
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The resulting percentage of solar irradiation loss are represented for each month in Figure 18 

 

Figure 18 - Losses on the ground between due to obstacles presence (%) 

Months with a high solar irradiation (especially May, June, July) show the lowest solar losses (about 

80%). However, due to the density of buildings in the city and the presence of vegetation that makes 

shadows on the ground, these solar losses are still very substantial. 

The percentage of solar losses is higher in winter than in summer because, as the sun is lower in the 

sky, the shadows on the ground are bigger and therefore also the solar losses.  

These really high solar losses might seem surprising. Indeed, the solar losses due to building effects 

investigated in order studies are usually much lower. However, this model, based on a Digital 

Orthophoto Map (DOM), does not only include buildings but also all other obstacles (e.g. trees) 

present on the ground. As it is visible in Figure 19 a), vegetation is quite important in Fribourg, 

especially in the vicinity of the river Sarine. Looking more closely at a densely built neighbourhood, 

Beauregard (Figure 19 b), it is observable that even in this area a lot of trees are bordering the streets 

and are taken into account by our solar irradiation model. Nevertheless, an important limitation of 

our model is that the use of a DOM does not differentiate between the various types of obstacles; 

therefore, vegetation is treated the same way as building, without taking the properties of the leaf 

(e.g. changes in the quantity, colour, and size according to the season) into account. 

 

Figure 19 – a) View of Fribourg b) View of a high density neighbourhood, Beauregard 
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To illustrate the impacts of obstacles, solar irradiation maps with and without buildings and 

vegetation’s effect will be presented, for two representative months: January (high heating 

requirement) and July (high solar irradiation). 

 January 

 

Figure 20 – January: Comparison of solar irradiation with and without building and vegetation's effect 

The monthly mean solar irradiation obtained for January taking only the landscape into account is 

14.27 kWh/m2. By including building and vegetation’s influence, the monthly mean value obtained 

for January is 1.4 kWh/m2. The resulting solar loss in January is around 90%. 

We can notice that the solar map on the left (with building and vegetation’s effect) shows a very low 

solar radiation. Thus the solar losses on winter are very high due to these effects.  

 July  

 

Figure 21 - July: Comparison of solar irradiation with and without building and vegetation's effect 
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The monthly mean value for July without building and vegetation’s effect is 158.10 kWh/m2. 

Including obstacles, the monthly mean value for July falls to 32.76 kWh/m2. The resulting solar loss in 

July is around 80%. 

We can notice that the solar map on the left (with building and vegetation’s effect) shows a lower 

solar radiation than the solar radiation on the right. However it can be observed that the losses are 

smaller in summer than in winter. 

4.1.2.3 Effect of compactness on solar irradiation 

In this section we will focus our study on a smaller scale of the city, i.e. in two 

neighbourhoods. The goal is to study the influence of building density and site coverage on the solar 

irradiation.  

To recall, site coverage corresponds to the ratio between the build area and the site area. For 

Fribourg, the mean site coverage is 14.4% (calculation done in the previous semester project [11]). 

Building density can be defined as the number of buildings per km2. Fribourg is composed 2356 

buildings (obtained through the available ArcGIS data for Fribourg) and has an area of 9.3 km2 [2]. 

Therefore, the mean building density is: 

building 2

2356[buildings]
density 253.3

9.3[km ]
   buildings/km2. 

Indeed we have selected two neighbourhoods of Fribourg, one with high site coverage and high 

building density (Beauregard, respectively 28.8% and 492 buildings/km2) and another with low site 

coverage and low building density (Bourguillon, respectively 2.9% and 130 buildings/km2). This 

statement is illustrated in the Figure 22.  

 

 

Figure 22 - Selection of two neighbourhoods in Fribourg 
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In Figure 23, the combination of the solar irradiation map with the maps representing respectively 

site coverage and building density is illustrated.  

 

Figure 23 – Combination of the solar energy map with site coverage and building density maps 

 Higher raster quality  

As we focus our study in a smaller scale in this part, we are wondering if increasing the raster quality 

can influence the accuracy of solar maps. The solar maps done here above for Fribourg have a raster 

quality of 200 by 200 cells (default value). To observe the influence of the raster quality, we have 

computed in Figure 24 the solar map of July for Beauregard with a raster quality of 200 by 200 cells 

(left) and with a higher raster quality of 600 by 600 cells (right).  

 

Figure 24 - Different raster quality for solar map 
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At the first sight, we cannot see any difference between the solar maps. Indeed the solar irradiation 

is quite the same for both maps.  

With a quality of 200 by 200 cells, the monthly mean value of the solar irradiation in July with 

building effect is 27.24 kWh/m2. With a quality of 600 by 600 cells, the mean value of solar radiation 

in July with building effect is 26.12 kWh/m2.  

The difference in the mean solar irradiation is negligible for the purpose of our study. As performing 

solar maps with higher raster quality is more requiring higher computation time, we will continue our 

study with a raster quality of 200 by 200 cells. 

 Bourguillon - Low density neighbourhood 

We have selected one neighbourhood of Fribourg showing a low compactness: Bourguillon. It has 

low building density and low site coverage. Bourguillon is composed of few small buildings and 

individual houses and have large areas covered by fields or trees, as shown in Figure 25 

We will show in this section the resulting yearly solar map for Bourguillon and its results, as well as 

maps for two representative months: January (high heating requirement) and July (high solar 

irradiation). 

 

 

Figure 25 - Bourguillon represented by Google Earth 
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The solar map taking building and vegetation’s effect into account is represented in Figure 26.  

  

Figure 26 - Yearly solar irradiation map at Bourguillon, with building and vegetation's effect (in Wh/m2) 

 

 

Figure 27 - Monthly mean solar irradiation for Bourguillon, with building and vegetation's effect 

The yearly solar irradiation in Bourguillon is 211.7 kWh/m2 (mean value for Fribourg: 169.8 kWh/m2). 

We can see in Figure 27 that the solar irradiation reaching the ground during winter months is really 

low. However, even in summer, the solar irradiation is really lower than the one obtained without 

consideration of obstacles’ effect. It’s due to the strong presence of vegetation in this area of 

Fribourg. As this solar map computes the solar radiation on the ground, vegetation can be a high 

factor of shadow’s effect. 
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The solar irradiation map for January including building and vegetation’s effect is represented in 

Figure 28. 

 

Figure 28 -Solar map of Bourguillon in January, with building and vegetation's effect (in Wh/m2) 

January is a month with high heating requirement but the monthly mean solar radiation in January in 

Bourguillon is only 2.42 kWh/m2. This is a low solar irradiation, but this value is higher the mean 

value for Fribourg (1.4 kWh/m2). As already said, the low solar irradiation is due to the strong 

presence of vegetation and the fact that, in January, the sun is low in the sky, increasing the 

shadowing effect. 

The solar map for July with building and vegetation’s effect is represented in Figure 29. 

  

Figure 29 - Solar map for Bourguillon in July, with building and vegetation's effect (in Wh/m2) 
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July is a month with high solar irradiation. The monthly solar irradiation in Bourguillon is 39.04 

kWh/m2, which is higher than the value for Fribourg for the same month (32.76 kWh/m2) but still 

much lower than the value of solar map without building and vegetation’s effect (158.1 kWh/m2). 

 Beauregard - High density neighbourhood 

We have selected one high density neighbourhood in Fribourg: Beauregard. It has high building 

density and high site coverage. As shown in Figure 30, it is composed of a lot of residential buildings. 

Streets are surrounded by lines of trees.  

 

Figure 30 - Beauregard represented by Google Earth 

As for Bourguillon, the yearly solar irradiation map and maps for two representative months (January 

and July) will be presented. 
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The yearly solar map with building and vegetation’s effect on the ground is represented in Figure 31.  

  

Figure 31 - Yearly solar irradiation map at Beauregard, with building and vegetation's effect (in Wh/m2) 

 

 

Figure 32 -Monthly mean solar irradiation at Beauregard, with building and vegetation's effect 

The yearly of solar irradiation is 145.45 kWh/m2 for Beauregard (mean value for Fribourg: 169.8 

kWh/m2). There is a very low radiation on the ground in winter, when the heating requirements are 

high. The solar irradiation is much lower than the one obtained without consideration of obstacles’ 
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effect. It’s due to the strong presence of buildings and construction in this area of Fribourg. Buildings 

can be a high factor of shadow’s effect. 

The solar irradiation map for January with building and vegetation’s effect is represented in Figure 

33. 

 

  

Figure 33 - Solar map at Beauregard in January, with building and vegetation's effect (in Wh/m2) 

January is a month with high heating requirement (especially in a densely build area) but the monthly 

mean solar irradiation obtained in Beauregard in January is only 1.47 kWh/m2. This is a lower solar 

irradiation, but higher than the mean value of Fribourg (1.4 kWh/m2). This is quite surprising, 

because due to the important number of high buildings, a lower solar irradiation would have been 

expected for this neighborhood. One plausible explanation is higher importance of the border effects 

for this small scale model (i.e. buildings located outside Beauregard but the border are considered as 

inexistent in this solar model whereas in reality, they provide shadows on the area of Beauregard 

also). 
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The solar irradiation map for July with building and vegetation’s effect is represented in Figure 34. 

  

Figure 34 - Solar map at Beauregard in July, with building and vegetation's effect (in Wh/m2) 

July is a month with high solar irradiation. The monthly solar irradiation in July in Beauregard is 27.24 

kWh/m2. This value is lower than the mean for Fribourg for the same month (32.76 kWh/m2), due to 

the strong presence of buildings.  

 Comparison between the results obtained for the two neighbourhood 

After having computed the solar maps for Fribourg and for the two neighborhoods of Fribourg (one 

densely built and another with low building presence), we will compare them in order to analyze the 

effect of compactness on the solar irradiation received. 

 

Figure 35 - Comparison of solar radiation of Fribourg, Beauregard and Bourguillon 
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The low density neighborhood, Bourguillon, has the highest solar irradiation for each month of the 

year. On the contrary, the high density area, Beauregard, has generally the lowest solar irradiation. 

The values for Fribourg are between both curves, except during some winter months, when the 

values obtained by the three neighborhoods are almost similar. These results show that the 

building’s effect on the solar radiation is very high. In a general way, the more buildings and the 

higher they are, the lower the solar irradiation. However, vegetation’s effect, that is more present in 

Bourguillon, should not be neglected.  

In the solar irradiation model that we performed with a Digital Orthophoto Map (DOM) based on 

LiDAR data, building and vegetation are taken into account and we were looking for the solar 

irradiation on the ground and surfaces. Other methods can provide us with other component of the 

solar irradiation, for example the solar irradiation reaching the façade of buildings. 

In order to have a global view of the solar losses due to building or vegetation’s effect we will link in 

the following section solar losses with land use. 

4.1.2.4 Link between solar losses and land use 

In this part we want to link solar losses with land use. In order to study the land use of 

Fribourg, we have use CORINE Land Cover classes. CORINE Land Cover (CLC) “is a geographic land 

cover and land use database encompassing most of the countries of the European Community” [13]. 

 Fribourg  

After introducing data from CORINE Land Cover in ArcGIS, we were able to divide the area Fribourg in 

function of the land use classes, as shown in Figure 36. 

  

Figure 36 – Division of Fribourg according to Corine Land Cover classes 
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Definition of the different Land Cover classes [14]: 

 Urban fabric: “Most of the land is covered by structures and the transport network.  

Buildings, roads and artificially surfaced areas cover more than 80 % of the total surface. 

Non-linear areas of vegetation and bare soils are exceptional.” 

 Discontinuous Urban fabric: “Most of the land is covered by structures. Buildings, roads and 

artificially surfaced areas are associated with vegetated areas and bare soils, which occupy 

discontinuous but significant surfaces. Includes private housing estates, residential suburbs 

made of individual houses with privative gardens and/or small squares…”  

 Industrial or Commercial unit: “Artificially surfaced areas (cement, asphalt, tarmacadam or 

stabilized e.g. beaten earth) without vegetation occupy most of the area, which also contains 

building and/or vegetation. Includes research and development establishments, security, law 

and order services, large shopping centres…”  

 Mixed forest: “Vegetation formation composed principally of trees, including shrub and 

bush under storeys, where neither broad-leaved nor coniferous species predominate.”  

 Broadleaved forest: “Vegetation formation composed principally of trees, including shrub 

and bush under storeys, where broad-leaved species predominate.”   

 Non-irrigated arable land: “Cereals, legumes, fodder crops, root crops and fallow land. 

Includes flowers and tree (nurseries cultivation) and vegetables, whether open field or under 

plastic or glass (includes market gardening). Includes aromatic, medicinal and culinary plants. 

Does not include permanent pasture.”  

Fribourg is mainly composed by surfaces falling in the category Discontinuous Urban fabric (buildings 

and infrastructures mixed with green space) but the classes Mixed forest (surface where vegetation is 

the most important feature) and Non-irrigated arable land (agricultural area, including fallow land) 

are also present.  

 Bourguillon 

In a smaller scale, we can observe the land cover classes of Bourguillon in Figure 37.  

 

Figure 37 - Land use of Bourguillon, from Corine Land Use's data 



31 
 

Bourguillon is composed mainly of Mixed forest and Non-irrigated arable land. We can conclude that 

the high rate of solar losses in this neighbourhood is moslty due to tree and vegetation.  

 Beauregard 

In a smaller scale, we can observe the land cover classes of Beauregard in Figure 38.  

  

Figure 38 - Land use of Beauregard, from Corine Land Use's data 

Beauregard, on the contrary to Bourguillon, is mainly composed of Discontinuous Urban fabric 

(buildings and infrastructures mixed with green space) and Industrial or Commercial unit (area 

consisting mostly of building used for industrial or commercial purposes). We can assume that the 

solar losses in this neighbourhood are mostly due to buildings and constructions, whereas the impact 

of vegetation was probably playing a major role in Bourguillon. Nevertheless, it should not be 

forgotten that even in densely built neighbourhood such as Beauregard, the effect of vegetation on 

the solar irradiation is not negligible. 

To conclude, it is important to recall the significance of the solar losses due to the presence of 

buildings and vegetation. The amount of solar irradiation falling on the ground considering a free 

surface (without consideration the obstacles) is huge, however in order to compute the potential of 

solar energy to meet heat and lightning requirements in buildings, the presence of obstacles should 

also be taken into account, as well as the technical efficiency of the devices in the case of active solar 

(PV, solar collector). As seen in this section, the presence of buildings and vegetation is reducing 

strongly the available solar irradiation that we can harvest. According to our model (based on DOM), 

the mean solar losses for Fribourg is 82%. The amount of solar losses is varying depending on the 

month (higher solar losses during winter months as the sun is lower in the sky) and depending on the 

number and the height of obstacles (buildings and vegetation). This fact was illustrated by the 

investigation presented here above: the densely built area Beauregard, composed by numerous high 

buildings and some trees had a mean yearly solar loss of 85%, whereas Bourguillon, with few, small 
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buildings and houses and large areas dedicated to forest and agriculture had a lower mean yearly 

solar loss, of 78%. 

4.1.3 Internal process - Passive solar 

In order to understand how energy from the sun can be used in household or building, we 

have to understand the concept of passive solar.  

In fact, when the sun reaches a building, its energy can be converted into useful energy (indigene 

energy production by solar collectors or photovoltaic), can be use as passive solar (sun gives free 

heat and light to the building) or can be lost (on the ground or in the wall of the building).  

As we work on a large scale (city scale), it is very difficult to have an accurate estimation of passive 

solar. In fact, on a smaller scale (neighborhood’s scale for example) this energy input could have 

been estimated using specialized software such as CitySim. This software provide the solar irradiation 

on each façade or surface of buildings and also offer the possibility to estimate passive solar, as 

shown in the Figure 39 [15].  

 

Figure 39 - Estimation of passive solar by CitySim  

Different structural characteristics of buildings influence passive solar, e.g. and should be studied in 

details to estimate the potential use of passive solar. At the city scale, the evaluation of two following 

points is crucial: 

 Opening ratio, orientation of the facades… 

 Construction details (building materials, type of glazing…)  

However, in this report, passive solar won’t be analyzed in details. 
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4.2 Energy 

Urban ecosystems are the most-energy demanding ecosystems on Earth, demanding far 

more energy than what is available locally. Unlike materials, nutriments and water that can be 

reused, energy that is consumed is dissipated under the form of heat and it is therefore lost for the 

system. Energy consumption is nowadays closely linked with greenhouse gas emissions, as we are 

still relying mostly on combustion of fossil fuel to supply our needs. As mankind requires energy to 

live, move and perform activities, quantifying energy inputs and usages is crucial to understand the 

metabolism of a city and find out where improvements can be made.   

4.2.1 Input - Energy consumption 

For the energy consumption, we were not able to get the real data for Fribourg despite the 

important number of people working on this topic that we contacted. Mrs. Barbara Ackerman, 

working for the Office of urbanism and architecture of the city of Fribourg in the field of sustainable 

development, told us that the Energy Master Plan (“plan directeur des énergies”) was still under 

study and that for this reason, the municipality was not willing to communicate the numbers related 

to Fribourg energy consumption. 

Therefore, we estimated this consumption based on a file provided by the Swiss Federal Statistical 

Office, giving the Swiss consumption 2012 per energy source according to four categories [16]: 

 Household (including individual mobility); 

 Primary sector: activities linked to the exploitation of natural resources, e.g. agriculture, 

fishery, mining and forestry; 

 Secondary sector: related to the transformation of raw materials in finished, usable 

products. For example construction and manufacturing activities belong to this sector; 

 Tertiary sector: economic activities related to services, trade, transportation, health, 

education...  

To obtain an estimation of the consummation of the city of Fribourg, we weighted the Swiss energy 

consumption according to the following equation: 

, sec , ,,

, , sec , ,

, , sec , ,

primary FR ondary FR tertiary FRinhab FR

FR household CH primary CH ondary CH tertiary CH

inhab CH primary CH ondary CH tertiary CH

n n nn
E E E E E

n n n n
       

EFR= Energy consumed by the city of Fribourg 

Ehousehold/primary/secondary/tertiary,,CH= Energy consumed by the household/primary sector/secondary 

sector/tertiary sector in Switzerland (provided by the Federal Statistical Office by energy source [16]) 

ninhab, FR= nb inhabitants in the city of Fribourg 

ninhab, CH= nb inhabitants in Switzerland 

nprimary/secondary/tertiary, FR= nb of employee working in the primary/secondary/tertiary sector in the city of 

Fribourg 

nprimary/secondary/tertiary, CH= nb of employee working in the primary/secondary/tertiary sector in 

Switzerland 
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The energy consumed by each sector is provided in the file from the Federal Statistical Office 

mentioned above. 

Concerning the number of inhabitants/employees in Switzerland and Fribourg city, those are also 

provided by the Federal Statistical Office [2] and are summarized in Table 1: 

Table 1 - Number of inhabitants/employees in the city of Fribourg and in Switzerland 

Nb of inhabitants/employees Fribourg Switzerlan 

ninhab 36’633 8’039’060 

nprimary 9 171’162 

nsecondary 3’377 1’082’549 

ntertiary 28’054 3’593’653 

 

Based on this information, we obtained for the city of Fribourg the energy consumption presented in 

Table 2 and Figure 40: 

Table 2 - Energy consumption for Fribourg 

Energy consumption for Fribourg [TJ/y] 

Fossil 

Oil 2623 

Coal 17 

Gaz 568 

Electricity (non-renewable part: 40%) 464.8 

Renewable 

Electricity (renewable part: 60%) 697.2 

Geothermal and solar thermal 72 

Biomass and wastes 388 

District heat 87 

Total   4917 

 

Even if this energy consumption is not the real one for the city of Fribourg, we believe that it is 

reasonable estimation for a Swiss city with the population and the economic activity of Fribourg. 

For electricity, 60% of it is produced by renewable sources in Switzerland (56.6% coming from 

hydraulic energy)[17]. 

We notice that Fribourg is relying mostly on oil, which is by far the dominant energy source, covering 

53% of the energy needs. Electricity is also quite used, covering a bit more than 23% of the needs. 

The use of electricity is increasing as we possess more and more devices relying on electricity and as 

we are more and more replacing other polluting energy source by it, e.g. with the development of 

electric cars in the transportation field. 
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Figure 40 - Representation of Fribourg energy consumption 
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4.2.1.1 Energy consumption per sector 

The following results are based on a report from the Swiss Federal Office of Energy (SFOE) 

[18], which provides a detailed analysis of the Swiss energy consumption per sector for  the time 

period 2000 to 2012. To compute the energy consumption for each sector for Fribourg, we will base 

our calculation on the percent share found in this report for 2012. Due to the lack of more precise 

data, we will assume that the proportions of energy used by each sector for the various usages are 

similar in Fribourg as on average in Switzerland. In order to obtain energy flows in TJ/y, we will 

multiply these shares by the total energy consumption for the city of Fribourg that we estimated for 

2012 in the chapter 4.2.1 Input - Energy consumption. Due to the scarcity of data available, we are 

obligated to combine data coming from different source. This will imply small differences in the share 

of the different energy source compared to the data that we presented in the previous section (4.2.1: 

Input - Energy consumption ) because of differences in the categorization. These differences will be 

quantified and analysed in the end of the chapter to control the relevance of our results. 

The shares of energy consumed in 2012 by each sector are represented in Figure 41 [18]: 

 

Figure 41 - Energy consumption per sector 

We notice that the transportation sector is in Switzerland the one requiring the highest amount of 

energy, followed by household. 

Compared with 2000, the energy consumption in 2012 was 3.2% higher [18]. The sector were the 

increase was the most important is the household sector (+4.5%), followed by transportation (+3%). 

However, the household consumption is dependent from the weather (increased room heating when 

the winter is cold), therefore this increase is not necessarily a long-term trend; it can also be just a 

fluctuation due to different weather conditions. Even the increase in the total energy consumption is 

not really significant; it seems to be mostly due to yearly variations (e.g. the energy consumption in 

2010 was the highest recorded in the time period between 2000 and 2012 whereas 2011 was the 

lowest one, with a variation of 6.6% between them). We can conclude that the total energy 

consumption in Switzerland is more or less constant since 2000, with however fluctuations of a few 

percent between the years. 
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Based on the methodology described above, we obtained the following detailed energy consumption 

for Fribourg, summarized in Table 3 and represented in Figure 42. 

Table 3 - Energy consumption per use and sector for the city of Fribourg 

Energy consumption per use and sector for the city of Fribourg (2012) 

Use/Sector Household Services Industry Transportation Sum 

Room heating 969.72 408.18 113.52 0.00 1491.42 

Water heating 179.47 65.44 19.54 0.00 264.46 

Process heat 54.26 13.09 494.10 0.00 561.45 

Lighting 30.61 88.34 35.36 0.00 154.31 

Ventilation & air conditioning 23.65 98.98 5.58 0.00 128.21 

Communication and information 

techniques 29.22 24.54 4.65 0.00 58.41 

Process drive 61.22 101.43 218.67 0.00 381.32 

Transportation 0.00 0.00 0.00 1777.21 1777.21 

Other 44.52 18.00 39.08 0.00 101.60 

Sum 1392.67 818.00 930.52 1777.21 4917.00 

 

 

Figure 42 - Energy consumption per use and sector for the city of Fribourg 

This graph shows that the more energy intensive use in both household and services is room heating. 

On the other hand, in the industry sector, energy is mostly required for processes, in the form of heat 
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(process heat) or electricity (process drive). Water heating in also quite important in household, as 

people need hot water for domestic purposes, such as showering and dish washing. In the other 

sectors, less energy is needed for this purpose. 

We will analyze in the following sections the consumption linked with each sector in more detail. 

Energy consumption for the household sector  

In this section, we will analyze the household consumption in more detail, describing the energy 

source used for each kind of application [18].  

Households were accounting for 28.3% in the total energy consumption in Switzerland in 2012. 

Table 4 summarizes the quantity of each energy source used in the household sector in the city of 

Fribourg. The renewable energy sources are highlighted in green. For electricity, 60% of it is coming 

in Switzerland from renewable sources [17].  

Table 4 - Household energy consumption by energy source for the city of Fribourg 

Final energy consumption 

FR TJ/y share % 

 

Final energy 

consumption FR TJ/y share % 

Oil 559.01 40.16% 

 

Fossil 1009.53 72.53% 

Gas 258.83 18.59% 

 

Renewable 382.39 27.47% 

Wood 101.98 7.33% 

    Coal 1.94 0.14% 

    District heating 42.60 3.06% 

    Electricity 342.36 24.60% 

    Electricity for heat pump 25.54 1.83% 

    Solar 7.15 0.51% 

    Heat pump 52.52 3.77% 

    Sum 1391.92 100.00% 
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Figure 43 illustrates the use made of each energy source inside the households of Fribourg city. 

 

Figure 43 - Household energy consumption for the city of Fribourg 

A high reliance on oil, used for room and water heating, can be noticed. For those purposes, gas can 

also be used, as well as renewable sources such as thermal solar, wood and heat pumps. Indeed, for 

room heating, the share of oil have decreased between 2000 and 2012 of 20.5%, for the benefits of 

gas (+38.9), district heating (46.9%), wood (+9.7) and other renewable energies.  The latter are still 

providing only a small but rapidly rising share (more than 200% increase between 2000 and 2012 for 

solar and heat pump). For water heating, the trend is similar. 

 For processes using heat, such as cooking, electricity is the most used energy source, substituting gas 

and wood.  

Electricity is the only energy source that can exploited for all types of household applications; it is 

also the only energy sources for usages such as lighting, ventilation and air conditioning and for 

communication and information techniques. This versatility of electricity made it a quite interesting 

energy source, which is increasingly used to substitute other energy sources. However, one of its 

main drawbacks is its lack of storability. 

The use of energy for room heating is varying according to the weather but remain more or less 

stable on the long term (+0.1 increase between 2000 and 2012, but with variation of more than 15% 

in this time interval). The quantity of energy used for washing and drying (process drive) have 

increased drastically since 2000 (+47.3%) as well as the energy supplying electrical household 

appliance (+ 77.8%). These huge augmentations are probably due to an increase in the number of 

electric devices that we use in our everyday life. The consumption dedicated to lighting, on the other 

hand, have decreased of 5.1% due to more energy efficient lightning devices (such as LED and CFLs) 

substituting to old, traditional tungsten-filament (incandescent) bulbs. 

The share of renewable energy is 27.2% for household, coming mostly from renewable electricity 

(generated mainly by hydro power plant) and wood. Other renewable, such as solar thermal, PV and 

heat pump, are still underexploited, but are increasingly used. 
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Energy consumption for the transportation sector  

In this section, we will analyze the consumption related to transportation in more details. 

Transportation is the most energy intensive sector, accounting for 36% of the total energy 

consumption.  

Figure 44 describes the distribution of the final energy consumption for the transportation sector 

[18]. 

 

Figure 44 - Distribution of the final energy consumption in the transportation sector 

As we can see in Figure 44 a) and in Table 5, the transportation sector is relying mainly on oil-based 

products (Benzene, Diesel and Kerosene), which are providing 95% of the energy. The use of benzene 

has decreased since 2000 of 24.7%, substituted mostly by diesel which have faced a increase in 

consumption of 78.2%  

Table 5 - Final energy consumption for the transportation sector by energy source 

Final energy consumption for 

transportation 

Energy source TJ/y % 

Benzene 865.50 48.75% 

Diesel 794.41 44.70% 

Kerosene 23.10 1.33% 

CNG 5.33 0.32% 

Electicity 81.75 4.60% 

Biofuel 5.33 0.30% 

Sum 1777.21 100.00% 

 

Oil-based products: 1683.02 TJ/y (94.78%) 
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Electricity is also supplying a small percentage of the transportation energy needs, mostly in the 

railway sector. In fact, the Swiss train company (SBB/CFF/FFS) use only electricity for its trains, except 

for maneuvering locomotive. Electricity is increasingly used in the transportation sector, with for 

example the development of electric cars. 

Compressed natural gas (CNG) and biofuels are for the moment almost insignificant, but their use is 

increasing at a rapid pace (increase of about 250% from 2000 to 2012 for both of them). 

As illustrated in Figure 44 b), the share of energy due to transportation on road is by far the 

dominant one (86.15%). As Switzerland is a relatively small land with no connection to the sea, air 

transportation (national and civil flight) and water transportation (mostly people transportation) are 

almost insignificant. The category “other” accounts for example for machines used for transportation 

in the field of forestry, agriculture, industry or military. Railway transportation (trains and trams) 

needs 4.9% of the energy related to transportation, and this share has increased slightly since 2000. 

Figure 44 c) illustrates the distribution between the transportation of people and of goods. Most of 

the energy dedicated to transportation is spent in the transportation of people (74.17%), the 

transportation of good accounting only for 17%.  The latter is increasing in dependency with the 

economical growth. Therefore, it has faced a global increase of 11% between 2000 and 2012 with 

however a slight slowdown in the year 2009 due to the economic crisis. Transportation of people has 

increased of 2.8% between 2000 and 2012, but in a more constant way. 8.8% of the transports 

cannot be classified as either good or people (e.g. including both of them). 

Energy consumption for the services and industry sectors  

In this section, we will analyze the consumption related to the sectors of industry and services. 

Industry is accounting for 28.9% in the total energy consumption; services for 16.6% 

In the services sector are included economic activities such as education, health, finance, 

administration… In the Swiss energy categorization used in this report [18], agriculture is also 

accounted in the services sector as its share is too small to justify a separated category. Also 

belonging to the services sector is the energy consumption related to the maintenance of the 

infrastructure necessary for transportation purposes (e.g. lighting of streets, train and bus stations, 

ventilation of tunnels). 

Figure 45 and Table 6 describe the energy consumption for the industry and the services sector 

inside the city of Fribourg [18]. For each appliance, the consumption is divided according to the type 

of energy source: either thermal source (e.g. oil, gas, wood, solar thermal, heat pump) or electricity. 

A more detailed division amongst the different thermal sources was unfortunately not provided in 

this report.  
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Table 6 - Energy consumption of Fribourg for the industry and services sectors 

Use 

Industry FR [TJ] Services FR [TJ] 

Thermal 

sources Electricity 

Thermal 

sources Electricity 

Room heating 112.54 1.68 387.88 20.20 

Water heating 19.04 0.17 59.99 4.75 

Process heat 369.52 124.29 0.00 13.66 

Lighting 0.00 35.27 0.00 88.51 

Ventilation & air conditioning 0.00 6.16 0.00 98.60 

Communication and information 

techniques 0.00 4.48 0.00 24.35 

Process drive 8.40 210.51 0.00 101.57 

Transportation 0.00 0.00 0.00 0.00 

Other 39.19 0.00 0.00 18.41 

Total 548.68 382.57 447.88 370.06 

Share thermal source/elect. 58.92% 41.08% 54.76% 45.24% 

 

Figure 45 - Energy consumption of Fribourg a) for the industry sector b) for the services sector 

For industry, the usages requiring the more energy are process heat (industrial working processes 

were energy is needed in the form of heat, e.g. for the production of steam or for combustion) and 

process drive (e.g. refrigeration, washing or mechanical processes). This seems logical as these two 

categories are providing energy for the machinery used in the industry. The industry energy 

consumption is influenced by the economic situation. Therefore, it has increased from 2000 to 2008, 
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but has faced a significant slowdown in 2009 due to the economic crisis. The trend between 2010 

and 2012 is not really clear. However, with increase of 1.6% between 2000 and 2012, the industry 

sector is the one with the slowest growth for this time period. The usage for which the energy  

consumption has increased the most is communication and information techniques, but its percent 

share remains almost insignificant in the industry sector. The use of thermal sources remained more 

or less constant between 2000 and 2012, whereas the electricity consumption has faced a slight 

increase (+4.2%).  

On the other hand, the most energy intensive use in the services sector is room heating. It is due to 

the fact that several activities in this sector, such as health, education and administration, required 

heated rooms and offices for the well-being of its occupants. The consumption linked with room 

heating is very dependent from the weather and is showing substantial variations according to the 

year. Therefore, even if the consumption in 2012 was 5.7% lower than the one in 2000, we cannot 

conclude in a decreasing consumption. In general, the use of thermal sources is decreasing, whereas 

the electricity consumption have increased significantly (+13.5%) since 2000. This augmentation is 

mostly due to an increase in the use of communication and information techniques, which are 

becoming omnipresent in our everyday life.  

For both sectors, room heating, water heating and process heat are supplied mostly by thermal 

sources, whereas the use of electricity is dominant for lighting, ventilation & air conditioning and 

process drive. Thermal source are still used a bit more than electricity, especially in the industry. 

However this is probably going to change in the next years as electrical devices are increasingly used. 

Comparison of energy consumption between sectors  

Based on the results presented for each sector in the previous sections, we will now analyze and 

compare the use of the different energy sources in each sector. As this level of detail was not 

provided for industry and services in the report from the Swiss Federal Office of Energy from which 

the data were extracted [18], the consumption of each energy source for these two sectors was 

calculated by deducing the household and the transportation consumption from the total amount of 

energy provided by each source: 

industry&services tot household transportationE E E E     

The results are summarized in Table 7 and illustrated in Figure 46. In the table, the renewable energy 

sources are highlighted in green. For electricity, 60% of it is coming in Switzerland from renewable 

sources [17]. In the second part on the table, the share of renewable and fossil energy per sector is 

provided. 
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Table 7 - Energy consumption by energy source and sector for the city of Fribourg 

Energy carrier Household [TJ] 

Transportation 

[TJ] 

Industry and 

Services [TJ] 

Sum 

Fribourg Share 

Electricity 367.9 81.75 744.72 1194.37 24.29% 

Heating oil 559.01 0 347.32 906.33 18.43% 

Fuel 0 1684.08 6.53 1690.61 34.38% 

Natural Gas 258.01 5.33 380.26 643.60 13.09% 

Coal (and coke) 1.94 0 27.88 29.82 0.61% 

District heating 42.6 0 52.48 95.08 1.93% 

Wood 101.98 0 106.18 208.16 4.23% 

Other renewable (sun, biogas, heat 

pump) 59.67 6.04 26.55 92.26 1.88% 

Energy from wastes 

(industrial/domestic) 0 0 57.95 57.95 1.18% 

Sum 1391.11 1777.21 1749.86 4917.00 100.00% 

Percent share 28.30% 36.11% 35.62% 100.0%   

      

Type of energy carrier 

Share of fossil/renewable energy per sector 

 
Household [%] 

Transportation 

[%] 

Industry and 

Services [%] 

Total 

Fribourg 

 Fossil 72.51% 96.9% 63.94% 78.16% 

 Renewable 27.49% 3.10% 36.43% 21.86% 
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Figure 46 - Energy consumption by energy source and sector for the city of Fribourg 

Electricity is the dominant energy source in industry and services, whereas heating oil is still 

preferred in households, due to the importance of room heating in the latter. However, this is 

probably going to change in the future, heating oil being more and more substituted for this use by 

other sources, such as gas or by renewable energies like wood, solar thermal and heat pump. The 

transportation sector is still relying almost totally (95%) on oil-based products, even if biofuels and 

electrical cars are starting to emerge. 

The use of solar energy, geothermal energy and biomass is quite recent and it is indeed still not so 

spread, but it is increasing at a relatively rapid pace (+157% increase between 2000 and 2012). 

Nevertheless, in order to fully exploit their considerable potential, more incentives will be needed 

such as subsidies for renewable energy production or taxation of polluting fossil energies.   

Due to the scarcity of data available concerning energy flows for the city of Fribourg, different data 

sources were used in the chapters 4.2.1: Input - Energy consumption and 4.2.1.1: Energy 

consumption per sector. 

In the chapter 4.2.1: Input - Energy consumption, we have estimated Fribourg energy consumption 

for the year 2012 based on  a file provided by the Swiss Federal Statistical Office [16], giving the Swiss 

consumption 2012 per energy source according to four categories: households (including private 

transportation), primary sector, secondary sector and tertiary sector.  

In the chapter 4.2.1.1: Energy consumption per sector, we have used a report from the Swiss Federal 

Office of Energy (SFOE) [18] to obtain a detailed consumption for Fribourg in 2012 according to the 

household, transportation, industry and services sectors.  

We will now compare these results to check the relevance of the number presented in the previous 

chapters. Table 8 provides a comparison between the two sources. 
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Table 8 - Comparison between the two sources 

Data chapter 4.2.1 (based on the Swiss 

consumption weighted by  the population and 

economic sectors importance) 

 

Data chapter 4.2.1.1 (based on the share of 

households, industry and services and 

transportation in the Swiss consumption) 

 

Comparison between 

sources (data 4.2.1.1 - 

data 4.2.1) 

Fribourg 

consumption Energy source TJ/y 

 

Fribourg 

consumption Energy source TJ/y 

 

TJ/y 

Relative 

error % 

Fossil 

Oil 2623 

 

Fossil 

Oil (Heating Oil 

+fuel) 2596.90 

 

-26.10 1.00% 

Coal 17 

 

Coal 29.82 

 

12.82 75.39% 

Gas 568 

 

Gas 643.60 

 

75.60 13.31% 

Electricity (non-

renewable part : 

40%) 464.8 

 

Electricity (non-

renewable part : 

40%) 477.75 

 

12.95 2.79% 

Renewable 

Electricity 

(renewable part: 

60%) 697.2 

 Renewable 

Electricity 

(renewable part: 

60%) 716.62 

 

19.42 2.79% 

Wood, solar, 

geothermal, 

biomass and wastes 460 

 

Wood, solar, 

geothermal, biomass 

and wastes 358.37 

 

-101.63 22.09% 

District heating 87 

 

District heating 95.08 

 

8.08 9.28% 

Total   4917 

 

Total   4917 

    

The number obtained for oil, electricity and district heating are quite close in the two sources.  On 

the other hand, significant differences can be seen for coal, gas and renewable energies. 

This fact can be explained as follow: in the chapter 4.2.1: Input - Energy consumption, we have 

computed the energy consumption taking into account the relative importance of the population and 

economic sectors in Fribourg compared to Switzerland. As visible in Table 9, the tertiary sector in 

Fribourg is much more important than the other economic sectors, especially the primary sector. 

This sector distribution is typical for cities. 
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Table 9 - Ratio of energy consumption by category for chapter 4.2.1 

 

Fribourg CH Ratio FR/CH 

ninhab 36633 8039060 0.46% 

nprimary 9 171162 0.01% 

nsecondary 3377 1082549 0.31% 

ntertiary 28054 3593653 0.78% 

Average 

  

0.39 % 

 

Coal is mainly used (92%) in the secondary sector; therefore as this one is less important in Fribourg 

than on average for Switzerland, the coal consumption computed in chapter 4.2.1: Input - Energy 

consumption (based on the Swiss consumption weighted by the population and economic sectors 

importance) is logically lower than the one based on the average Swiss consumption (chapter 

4.2.1.1). 

Gas and renewable are mostly used in the household sector, but their consumption is quite low in 

the tertiary sector; therefore their use is lower in the weighted consumption (chapter 4.2.1). 

However, despite some differences between the two data sources, our results seem to be relevant 

approximations for a city with the socio-economic structure of Fribourg.  

4.2.2 Internal processes - Energy production 

For the energy produced inside the boundary of the municipality of Fribourg, we have 

contacted Mrs. Barbara Ackerman, working for the Office of urbanism and architecture of the city of 

Fribourg in the field of sustainable development. The numbers presented in Table 10 and illustrated 

in Figure 47 are therefore not estimations, but the real productions for the city of Fribourg in 2012. 

However, the biomass, wood and geothermal (except heat pump) productions were not evaluated by 

the city of Fribourg. The incineration of wastes, producing also a certain amount of renewable 

energy, is occurring on the territory of Villars-sur-Glâne, the neighbouring town, and is also not 

accounted is the production provided by Mrs. Ackermann.  

Table 10 - Energy production inside the municipality of Fribourg 

 Energy production in Fribourg [TJ/y] 

Electricity 

Hydraulic 187.2 

PV 2.268 

Heat 

Solar collector 9 

Heat pump 8.64 

Total 
 

207.108 

Figure 47 - Representation of Fribourg energy 
production 
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Looking at Figure 47 it can be noted that the main part of Fribourg’s production is made by hydraulic 

energy. Indeed, on Fribourg territory is located the hydroelectric power plant of Oelberg, coupled 

with dam of Maigrauge and exploited by Group E. The dam of Maigrauge was built in 1872. It was the 

first dams in concrete in whole Europe. It has a height of 21 meter and it retains the Pérolles lake. 

The production of electricity began in 1910 with the construction of the Oelberg hydroelectric power 

plant, which is hosting two Kaplan turbines and three Francis turbines. In 2005, the dam of 

Maigrauge was completely rehabilitated to respect the European certification for the production of 

green electricity [19].  The average annual production is 187.2 TJ (52 GWh).  

All the energy produced inside the municipality of Fribourg consists of renewable energy. This can be 

explained by the fact that fossil energies are mostly produced in centralized, large power plant. Due 

to space issues, these power plants are generally located outside the cities. On the other hand, 

renewable energy such as solar and geothermal energy can be produced more locally, in smaller 

scale (e.g. supplying the needs of one or a few households). 

For the moment, solar energy and low depth geothermal energy are still underexploited in Fribourg 

city, but have a really interesting potential. To illustrate this statement, the potential of solar energy 

will be studied in the following section and compared to the energy requirements. 

4.2.2.1 Potential of solar energy for Fribourg 

In this part we will study the solar irradiation that reaches households or industrial buildings 

in order to have an idea of the order of magnitude of the solar energy potential for respectively 

households and industrial purposes. In this simple estimation, we will calculate the solar irradiation 

received and the potential energy that can be harvested with PV and solar collectors. We made the 

assumption that the entire building footprint area (obtained with ArcGIS) can be covered with PV or 

solar collectors. In reality, the roof area usable is not similar to the building footprint area as some 

roofs are not flat but sloping, chimneys are not taking into account and for some building only the 

half of roof can be covered (only the part with the best orientation is interesting for solar energy 

production). Furthermore, because PV and solar collector’s area does not only include the solar 

panels but also borders and connecting elements that are not used for energy production, this 

calculation is overestimating  the amount of solar irradiation usable for energy production.  

However, the use of the building footprint allows a first and simple estimation of the potential. The 

value of solar irradiation used in our calculation will be the highest value of solar irradiation with 

obstacle’s effect weighted by 75% (i.e. highest value of the month multiply by 0.75). We have chosen 

to use this value because on the level of roofs, obstacles from vegetation and other buildings are 

rather small, therefore the mean value of the solar irradiation received by the roofs is much higher 

than the average solar irradiation received for the total area of Fribourg taking buildings and 

vegetation into account. Figure 48 compares the solar irradiation obtained with and without 

obstacles ‘effects with the estimated solar irradiation on roof (75% of the highest value with 

obstacles ‘effects). 
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Looking at Figure 48, it is visible that the solar irradiation on roofs (75% of the highest value of solar 

radiation with obstacles’effect) is much closer from the solar irradiation without consideration of 

obstacles than the solar irradiation with obstacles obtained for the whole area of Fribourg. It is 

logical as obstacles are not playing a significant role at the roof level.  

 

Figure 48 - Comparision of monthly solar radiation [in kWh/m2] 

Solar potential for households 

 

Figure 49 - Building footprint of households in Fribourg 

For the building footprint area of households, we have used the area of the CORINE land cover 

categories Urban fabric and Discontinuous Urban fabric (the definition of these categories is provided 

in the chapter 4.1.2.4: Link between solar losses and land use). Their total area is 1’183’570.7 m2. 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

kW
h

/m
2

 

Comparison of  monthly solar irradiation 

Solar Radiation with 
building effects 

Solar radiation 
without building 

75% of highest value, 
with building effect 



49 
 

 
 

By weighting the highest value of the solar irradiation obtained for each month by 75%, we obtained 

the yearly solar irradiation received on the roofs of Fribourg, whose value is 908 kWh/m2 (with 

building and vegetation’s effect). 

Solar energy reaching the building footprint area of households: 

                         
   

  
                     

This energy input will be used in the MFA of household.  

In the following, we will assume that all household’s roofs are covered respectively by photovoltaic 

panels or by solar collectors. As explained before, it’s of course not possible to cover the entire roofs 

but the computation of this energy will allow us to estimate a maximum potential for this two 

energy-producing devices and allow to compare this energy production with the energy requirement 

of the households.  

 Photovoltaic panels  

The calculation of the photovoltaic potential will be based on the following formula [20]: 

E
el

=E
solar 

∙ f ∙ η ∙ A ∙ PR   

where: 
 
PR= performance ratio of module, coefficient for losses (e.g. shadowing, temperature losses, 
pollution) ≈ 0.75 (default value) 
A= panel area 
η= efficiency of solar cell type ≈ 0.15 (silicium)  
Esolar= estimated solar irradiation on roofs  
Eel= electricity produced by PV panels  
f= loss factor of direction and angle of module = 1.1 for direction S and angle 30° (optimum) 

 

Electricity production for the Fribourg’s households: 

                                 
   

  
                                                  

In comparison, the electricity used by the households in one year is 367.9 TJ (see chapter 4.2.1.1: 

Energy consumption per sector), therefore the electricity production from photovoltaic panel 

represents 1.3 times the electricity requirement.  

 Solar collectors 

In order to compute the theoretical heat production from solar collector, we used the following 

equation [21] which provides in an easy way a good estimation of the possible heat production from 

solar collector. The efficiency of the solar collector was estimated to be 40%. 
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In comparison, the room and water heating requirement in households is 1148.44 TJ (see chapter 

4.2.1.1: Energy consumption per sector), therefore solar collectors’ heat production can cover 1.35 

times the household heat requirement.    

Solar potential for industries   

 

Figure 50 - Building footprint of industry in Fribourg 

We have considered the area dedicated to industries to be the one classified as Industrial and 

Commercial Unit by the CORINE land cover classification (the definition of this category is provided in 

the chapter 4.1.2.4: Link between solar losses and land use). Therefore, its building footprint area is 

133’880 m2. 

By weighting the highest value of the solar irradiation obtained for each month by 75%, we obtain a 

yearly solar irradiation on the roofs of Fribourg of 908 kWh/m2 (with building or vegetation’s effect). 

Solar energy reaching the building footprint area of industry: 

                       
   

  
                 

This energy input will be used in the MFA of industry.  

In the next point, we will assume that all the industry’s roofs are covered by photovoltaic panels or 

solar collectors, as we did for households here above. 

 Photovoltaic panels  
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In comparison, the electricity used in industry in one year is 382.57 TJ (see chapter 4.2.1.1: Energy 

consumption per sector), therefore electricity production from photovoltaic panel represents 14% of 

the electricity requirement of industries. Compared to the results obtained previously for 

households, this low percentage might seem surprising, but it can be explained due to the fact that, 

contrarily to households which still rely mostly on oil, electricity is the main energy source in 

industries. Furthermore, industries are often quite energy-intensive compared to their footprint area 

on the ground. 

 Solar collectors 

                       
   

  
                                     

In comparison, the room and water heating requirement in industry is 132.98 TJ (see chapter 4.2.1.1: 

Energy consumption per sector), therefore the heat production from solar collector can potentially 

cover 1.32 times the industrial heat requirement.    

To conclude, the substantial energy production that can be performed by solar energy in Fribourg 

should be noted. Of course, our simple estimation is not very accurate and might overestimate a 

little the real potential of PV and solar collectors (because of the assumption that the entire roof area 

can be covered). Nevertheless, it proves that of use of this energy should definitely be extended in 

Fribourg, as it has the potential to cover a significant part of the heating requirement or electricity 

needs. However, seasonality was not taken into account in this simple estimation; the current 

problem with solar energy is the mismatch between production (higher in summer and during the 

day) and consumption (higher in winter and in the morning and evening). Therefore, storage 

possibilities have to be developed in order to use this considerable potential optimally. 

It should be noticed that a higher energy quantity can be produced by solar collectors than by 

photovoltaic panels. However, energy produced by solar collectors is under the form of heat and can 

only be used for water and room heating requirement. Most of the heat production by solar 

collectors is occurring in the summer months, when the heating requirements are the lowest. The 

advantage of photovoltaic is that it produces electricity which is more polyvalent and can serve to 

fulfil various energy requirements, e.g. lightning, computer and electronic devices supply, air 

conditioning... 

4.2.2.2 Comparison between energy consumption and production 

Fribourg energy consumption, computed in the chapter 4.2.1: Input - Energy consumption is 

4917 TJ/year, from which 75% is coming from fossil sources. Its energy production, given in chapter 

4.2.2: Internal processes - Energy production is 207.1 TJ, entirely coming from renewable sources. As 

we can see in Figure 51, Fribourg is a net importer of energy and is not at all self-sufficient. The ratio 

between the production and the consumption is: 

production 207.1[ / ]
ratio= 4.2%

consumption 4917[ / ]
 

TJ y

TJ y
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Figure 51 - Comparison energy production and consumption in Fribourg 

The consumption is consisting mostly of fossil fuel (74.7%), even if the production is entirely 

constituted of renewable energy, as mentioned in the chapter 4.2.2: Internal processes - Energy 

production. 

4.2.3 Output - Energy related CO2 emissions 

In this chapter, we will study the CO2 emissions arising in each sector from the energy 

consumption. These data are derived from a report written by the company Prognos, which provides 

help to decision-makers in the field of energy, under the executory order of the Swiss Federal Office 

of Energy (SFOE) [22]. It gives the CO2 energy emissions related to each sector in Switzerland. To 

obtain the emissions made in Fribourg, we weighted the CO2 emissions occurring in Switzerland it by 

the ratio energy consumption in Fribourg/energy consumption in Switzerland.  

Figure 52 illustrates the CO2 emission rate for each sector (a) (i.e. the amount of CO2 emitted in 

tonnes for each TJ of energy consumed), and the total CO2 emissions arising for the use of energy 

inside the city of Fribourg (b). 

 

Figure 52 - a) CO2 emission rate per sector b) total CO2 energy related emissions for Fribourg 

3672.8 

1244.2 

207.108 
0 

1000 

2000 

3000 

4000 

5000 

6000 

Consumption Production 

TJ
/y

 

Energy consumption and production in Fribourg 

Renewable 

Fossil 



53 
 

The total energy related emissions occurring from the energy consumption inside Fribourg are 

245’521 tons per year. Knowing that the city of Fribourg is composed of 36’633 inhabitants [2], the 

CO2 emission per capita are: 

CO2,capita

245'521[t / y] tonsm 6.7
year capita36'633[inhabi tan t]

 
   

Figure 53 illustrates the CO2 emissions related to each energy source [23].  

The sector which has the highest CO2 emission rate is transportation. This is due to its high use of oil-

based product (see section  

Energy consumption for the transportation sector), whose combustion is really CO2 intensive (see 

Figure 53). As transportation is also the sector having the biggest share in the energy consumption 

(36%), the CO2 related emission arising from it are considerable, making 53% of the total CO2 energy 

related emissions or 129’211 tons per years. On the other hand, industry and services are the sectors 

with the lowest CO2 emission rate, because they are using mostly electricity (see section Energy 

consumption for the services and industry sectors), which comes in Switzerland mainly from hydro 

and nuclear, energies with a low CO2 emission rate, as visible on Figure 53. Household, relying mainly 

on heating oil for room and water heating purposes and on electricity for other usage, has therefore 

an intermediary emission rate. 

In Figure 53, we can see that coal and oil are the most CO2 intensive energy source. As seen in 

chapter 4.2.1: Input - Energy consumption, coal consumption in Fribourg (as in Switzerland) is almost 

negligible. On the contrary, oil is still the most used energy driver, providing more than 50% of the 

energy needed. To decrease the CO2 emissions, it would be worth substituting oil by other less 

polluting energy sources, such as wood or natural gas for heating purposes or electricity (coming 

mainly from hydro and nuclear in Switzerland) in the transportation field. 

 

Figure 53 - CO2 emissions per technology 
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4.2.4 MFA Energy Household 

Thanks to all the data collected in the previous chapters, we were able to create a MFA 

diagram for the energy consumption occurring in households in Fribourg, which is presented in 

Figure 54. Households account for 28.3% in the total energy consumption. 

Figure 54 - MFA Energy in households 
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4.2.5 MFA Energy Transport 

The MFA concerning energy in transportation in represented in Figure 55. Transportation 

accounts for 36% in the total energy consumption. 

 

Figure 55 - MFA energy in transportation 

  



56 
 

4.2.6 MFA Energy Industry and services 

For Industry and services, the MFA describing the energy flows in illustrated in Figure 56. 

Industry accounts for 28.8% in the total energy consumption and services for 16.6%. 

 

  

Figure 56 - MFA energy in industry and services 
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4.3 Water, food and products 

4.3.1 Water 

4.3.1.1 Input –Water from the river Sarine and from precipitation 

The water that is used in Fribourg is coming from five reservoirs located outside the city, 

which are represented in Figure 57 [24]. In 2013, 4 mio m3 of water where delivered to the city of 

Fribourg [25], which corresponds to, assuming a water density of approximately 1 kg/L: 

3 3

consumptionWater 4 000 000[m / y] 1[t / m 4 000 0] 00   ' '' '  tons per year  

70% of it comes from gravitation and 30% by pumping. The water coming from these sources is 

normally not treated. In case of need, the station of filtration and treatment of Port-Marly can 

provide additional water coming from the lake of Gruyère, located approximately 10 km south from 

the city of Fribourg.  

 

Figure 57 - Water reservoir location 

The household tap water consumption is of 162 L/inhabitant/day [26], therefore the total water 

consumption for Fribourg is, knowing that is counts 36’633 inhabitants [2]: 

6

household

162[L / inh. / d] 36'633[inh.] 365[d / y]
Water 2.166 10 tons / year

1000[L / t]
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Household consumption is about the half of the total water consumption in Fribourg. The remaining 

part is used by industries and for farming. However, as there is no farm neither livestock farming 

exploitation in the city of Fribourg [27], we can assume that the remaining water, 1.834∙106 

tons/year, is entirely dedicated to industrial and services purposes. 

The water stored in the reservoirs can be incoming thanks to two processes: rain and the presence of 

the river Sarine, which crosses Fribourg. 

Water input from precipitation 

The average annual precipitation in Fribourg are of  949.4 mm/y (mean precipitation for the years 

2012, 2013, 2014) [28], which corresponds to, knowing that Fribourg area is 9.3 km2 [2]: 

2 6 2

rain

949.4[L / m ] 9.3 10 [m ]
Water

1000
8'830'350

[L / t]

 
   tons per year 

Water input from the river  Sarine 

For the Sarine, we calculated the water amount that crosses Fribourg according to the monthly 

average flow, that is given in Table 11 [29]:  

Table 11 - Flow of water from the Sarine crossing Fribourg 

 

Monthly average flow 

[m3/s] 
Flow per month [m3] 

January 34.9 9046080 

February 47.6 12337920 

March 44.7 11586240 

April 24.9 6454080 

May 40 10368000 

June 27.4 7102080 

July 82.4 21358080 

August 59 15292800 

September 27.8 7205760 

October 20.8 5391360 

November 36.7 9512640 

December 26.8 6946560 

Total 
 

122’601’600 m3 

 

The annual water flow crossing Fribourg is 122’601’600 m3 or 122’601’600 tons/year. 

Water output  

From these water inflows, 4’000’000 tons per year are used as tap water in the households and 

industries. The remaining part goes out of the city, mostly through the flow of the Sarine.  Therefore, 

the amount of water leaving the city is: 

output input consumedWater Water Water 122'601'600[t / y] 8'830'350[t / y] 4'000'000[t / 127'431'950y]       tons/year.  
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The biggest part of the water output leaves the city by the river or by infiltration in the soil and a 

smaller part goes in the water network of the city and is later treated (see chapter 4.3.1.3: Output – 

Liquid wastes). 

4.3.1.2 Internal processes – Water consumption and losses 

As said in the previous section, the household water consumption is 2’160’000 tons/year. 

Figure 58 illustrates this consumption in more details [26]: 

 

Figure 58 - Household water consumption 

On the 162 litres that each inhabitant consumes every day on average, the biggest part (29.5%) is 

used for the toilets. Showers and baths, as well as the use of the wash machine, consume each a bit 

less than 20% of the total water used. 24.3 L/day/inhab. (15%) are used for cooking and beverage, of 

which about 2 L to fulfil the drinking needs of the human body. In comparison with the wash 

machine, dish washers are using a significantly lower amount of water, about 3.6 L/day/inhab.  

The daily water consumption per inhabitant, as well as the total water consumption in the city of 

Fribourg (in tons per year), are summarized in Table 12 for each of these usages. 
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Table 12 - Household water consumption per inhabitant and in total for Fribourg 

Usage Per inhabitant [L/d] Fribourg [t/y] 

Toilets 47.7 637799 

Shower 31.7 423862 

Wash machine 30.2 403806 

Cooking 22.3 298174 

Beverage 2 26742 

Body care 20.7 276781 

Dish washer 3.6 48136 

Other 3.8 50810 

Total 162 2166109 

 

In the industry and services sectors, approximately 1.83 Mio tons of water are consumed each year. 

This water can be used in the manufacturing of food and goods (e.g. textile, paper products, 

chemicals products, transportation equipment), in the production and distribution of electricity (e.g. 

for cooling purposes), for construction, for cleaning and as drinking water for the employees. 

A part of the water consumed is lost for the system due to infiltration and leakages. The rest will be 

transported to the wastewater treatment plant as liquid wastes. This topic will be addressed in the 

following chapter, 4.3.1.3: Output – Liquid wastes . 

The percentage of water losses can be estimated between 20-30% of the tap water consumption 

[30]. Taking a value 25%, this imply, respectively for the household and the industry: 

losses,householdWater 2'166'109[t / y] 0.25 541'527    tons per year 

losses,industryWater 1'833'891[t / y] 0.25 458'473   tons per year  

Finally, the total amount of water lost is: 

lossesWater 541'527[t / y] 458'473[t / y 1'000 00] ' 0    tons per year   

4.3.1.3 Output – Liquid wastes 

After being used for household or industrial purposes, wastewater should be transported to 

a wastewater treatment plant, where it is treated before being released in the environment. 

Additionally to the household and industrial wastewater, runoff water (water from the rain that 

could not be infiltrated in the soil due to the high imperviousness of the city) is adding itself up to the 

water amount that should be treated by the wastewater treatment plants. 

On the contrary to household wastewater, whose quantity is more or less constant on a daily basis, 

industrial wastewater are more variable in quantity and frequency (for example production is usually 

not occurring during the weekend)[30]. Furthermore, their composition is more complex and can 

contain substances that can damage the sewer system or that cannot be handled at the wastewater 

treatment plant due to a too high load of pollutant or organic matter. Therefore, to get the 

authorization to release their waste water in the sewer network, industries need sometimes to 

perform pre-treatments at their own expenses [31]. 
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For the volume of water treated in Fribourg, we have contacted M. Mario Folly, working at the 

laboratory of the wastewater treatment plant of Fribourg, who gave us the information that 

7’924’120 m3 were treated by the Fribourg wastewater treatment plant in 2014. This amount of 

water is collected in the water network of the city and corresponds to water from households and 

industries as well as runoff water. Assuming a water density of 1000 kg/m3, this is equivalent to 

7’924’120 tons/year.  

The volume of water treated at the wastewater treatment plant is almost the double of the volume 

that is consumed by the households, industries and services in Fribourg, which means that the 

amount of runoff water is really substantial. This is problematic because the presence of runoff water 

decreases the efficiency of the wastewater treatment plant (pollutants are more diluted) and means 

that a bigger dimensioning of the wastewater treatment plant is needed, implying more costs. A 

reasonable goal that can be fixed by the municipality of Fribourg concerning runoff water is not to 

exceed 30% of soil imperviousness. This goal can be achieved by the implementation of green spaces 

inside the city, by the creation of green roofs or gravels roofs or by the utilization of pervious 

pavements for example in parking [32]. 

At the wastewater treatment plant, biogas is produced by the brewing and digestion (during 15 days 

at 38°C) of organic matter contained in the wastewater by bacteria. The biogas production occurring 

in the Fribourg wastewater treatment plant is 1’959’836 m3, which corresponds to, assuming a 

biogas density of 1.11 kg/m3 [33], 2175.4 tons/year. This biogas, providing about 8 GWh (28.8 TJ) of 

energy per year, is send to the gas network of the city or, if not used, directly converted into 

electricity or heat by a turbine. 

4.3.2 Food and Goods 

4.3.2.1 Input – Food importation 

For the food importation, we weren’t able to find numbers for the city of Fribourg. The 

closest and most relevant source was a report accounting, amongst others, the importations and 

exportations for the canton of Fribourg [27]. To derive importations for the city of Fribourg, we 

weighted the cantonal importations by the ratio of inhabitants between the city of Fribourg and the 

canton.  

According to this report, the annual food and tobacco consumption for the canton of Fribourg was in 

2012 of 218’185 tons. Knowing that Fribourg city and Fribourg canton account respectively 36’633 

and 291’395 inhabitants [2], the food consumption for Fribourg is: 

import,Fribourg

36'633[inh.]
Food Tobacco 218'185[t / y] 27 '429

291'395[inh.]
     tons per year 

We are interested only in the food consumption; therefore we would like to remove the part due to 

tobacco. 

According to a study conducted in France, the French tobacco importation were in 2012 of 6220 tons 

[34] for a population of 65’241’241 inhabitants [35], which imply a annual importation of 95.3 g per 

capita and year. Therefore, for the city of Fribourg and its 36’633 inhabitants, the annual tobacco 

consumption would be of 3.49 tons. The number of cigarettes smoked per inhabitant is in reality a bit 
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higher in Switzerland than in France [36]. However it can be noted with this calculation that tobacco 

importations are negligible compared to the food consumption. Finally, the food importation for the 

city of Fribourg would be: 

import,Fribourg import,FribourgFood Food Tobacco 27'429    tons per year 

In reality, as cities are relying more on imports than other ecosystems, the value obtained is probably 

underestimating a bit the real food importation, but considering the lack of more precise date, this 

method was the most accurate way to quantify this input that we have found. 

4.3.2.2 Input/Output – Goods importation and exportation 

As for food importation, the values for goods importation and exportations are coming from 

a report of the canton of Fribourg [27]. To derive them for the city of Fribourg, we weighted the 

cantonal importation and exportation by the ratio of inhabitants between the city of Fribourg and 

the canton.  

The results for the city of Fribourg are given in Table 13 and represented in Figure 59. 

Table 13 - Importation and exportation of goods for the city of Fribourg 

Type of good Importation [t/y] Exportation [t/y] 

Agricultural, forestry and fishery products 41343.95 19772.86 

Energy carrier 264.76 0.88 

Clothes and shoes 895.60 629.71 

Paper and arts products 6584.12 2197.51 

Plastic, leather, rubber 3976.40 2629.10 

Chemical products 22509.69 5149.07 

Stones and soil  24150.54 1098.38 

Metals 8441.20 2433.86 

Machinery, electronic devices 4725.29 3388.80 

Vehicles 889.82 469.30 

Watch and jewelery 117.17 110.00 

Indoor(housing) design, toys 1487.22 107.36 

Noble metals and gems 0.50 0.13 

Antiquity and art stuff 2.39 0.25 

Total 115388.64 37987.21 
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Figure 59 - Importation and exportation of goods for the city of Fribourg 

It is visible that the importations in Fribourg(115’388.6 t/y) are much bigger than the exportations 

(37’987.2 t/y). The most traded goods are agricultural, forestry and fishery goods, which are used for 

feeding and heating purposes; chemical products, used mostly in industry; and stones and soil, to 

sustain the construction of buildings and infrastructure.  

The fact that the importations are much bigger than the exportations can be explained by the 

importance of the different economic sectors, which are represented in Figure 60. 

 

Figure 60 - Economic sector repartition a) in Fribourg b) in Switzerland 
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Looking at the Swiss repartition (Figure 60 b), we can see that the tertiary sector, which deals 

amongst others with services, health, education, banks and administrations is really important in 

Switzerland, making almost 75% of the working places. On the contrary, the primary sector, 

constituted by the activities linked with extraction of primary materials, is making only a small share. 

Finally, the secondary sector, composed of economic activities that transform raw material in 

finished goods, makes a bit more than 20% of the economic repartition. Compared to other 

countries, the primary and secondary sectors are not so developed in Switzerland, on the contrary to 

the tertiary sector; therefore, Switzerland is relying on exportation from foreign countries for most 

products and materials. For example, it is well known that Switzerland is not at all self-sufficient for 

food production.  

Looking at Fribourg repartition (Figure 60 a), we notice that the tertiary sector is even bigger than the 

average for Switzerland, at the expenses of the secondary and the primary sectors. The latter is 

indeed insignificant in Fribourg, with only 11 people working in it (over 32’844 working people). As 

goods are produced mostly by the primary (raw material production) and secondary (transformation 

of raw material into finished products) sectors, Fribourg produces only few goods to export. 

This repartition is typical for a Swiss city and means a high reliance on importations and a linear 

metabolism, with a high amount of new inputs, few recycling and a huge quantity of wastes. 

It should be noted that, as the importation and exportation values for Fribourg are derived from the 

cantonal ones (weighted by the number of people), they are maybe overestimated the real one for 

exportation (as Fribourg, as a city, is probably producing even less than the canton) and 

underestimating them for importation (higher importation for the city of Fribourg than for the whole 

canton). However, due to the scarcity of available data, we were obligated to use these estimations, 

which are the closest one from the reality that we were able to obtain.  

4.3.2.3 Internal process – Food consumption 

According to a document published by the Swiss Federal Statistical Office, the food 

consumption per inhabitant in Switzerland is  868 kg of food per inhabitant and year in 2012, 

amongst which 541 kg consists of plant-based food (cereal based products, potatoes, vegetables, 

fruits, sugar, beverages...) and 327 kg of animal-based products (meat, eggs, fish, milk and dairy). 

For the city of Fribourg (36’633 inhabitants [2]), the food consumption is given in Table 14 and 

illustrated in Figure 61: 

Table 14 - Total food consumption in Fribourg 

Total food consumption in Fribourg [t/y] 

plant-based food  19818 

animal-based food  11979 

Total 31797 

 

Plant-based food are much consumed than animal-based food, which is a good thing considering that 

the latter required much more resources (water, energy) to be produced and have therefore an 

19818; 
62% 

11979; 
38% 

Food consumption, Fribourg [t/y] 

plant-based 
food 

animal-based 
food 

Figure 61 - Food consumption in Fribourg 
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higher carbon footprint (measure of the amount of greenhouse gases produced during the 

production, manufacture, delivery to the consumer and disposal of packaging of a certain food 

product), as illustrated in Figure 62 [37]: 

 

Figure 62 - Carbon footprint of different food categories 

There are great variations in the carbon footprint amongst animal-based products; beef and lamb 

meats are especially carbon intensive, whereas chicken and pork meat as well as fish and dairy have 

a lower carbon footprint. However, it is clearly visible that plant-based foods have a much lower 

carbon footprint than animal-based one. We will quantify the CO2 emissions related to food 

consumption in more detail in the chapter 4.3.2.6: Output - CO2 emissions. 

4.3.2.4 Output – Human body wastes 

Food is consumed by human being, providing them energy. Then, the human body excretes 

wastes in the form of urine and faeces, which are treated as liquid wastes by the wastewater 

treatment plant, or release this energy to the environment through respiration and transpiration. To 

derivate the value of these byproducts for Fribourg, we have used a paper written in 2008 about the 

metabolism of a typical neighbourhood of Toronto [10], where the amount of the body wastes are 

given in kg per capita and year. We have assumed that those wastes are similar for the inhabitants of 

Fribourg than for those Toronto. These values are given in Table 15. 

Table 15 - Human body wastes 

Human body wastes  

Category kg/capita/year Total Fribourg [t/y] 

Respiration/transpiration 550 20148 

Urine 440 16119 

Faeces 84 3077 

Total 1074 39344 
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The total food consumption in Fribourg is of 31’797 tons per year and the water used as beverage is 

of 26’742 tons per year. Therefore, compared to the food and water entering the human body, 

human body wastes are representing the following percentage: 

39'344[t / y]
67%

31'797[t / y] 26'742[t / y]



  

4.3.2.5 Output - Solid wastes 

This part is focusing on the solid wastes produced by the city of Fribourg. On the website of 

the city of Fribourg [38], precise statistics are provided concerning the numbers of harvested wastes 

of different types, as well as  the proportion of incinerated wastes and recycled wastes.  

The amount of wastes generated in a city depends on the lifestyle and eating habits of its 

inhabitants, the number and type of its industries and the type of resources used. The goal of a 

sustainable urban resource management is to have the lowest possible number of wastes and to re-

use or recycle at the higher possible rate the collected wastes. From Figure 63 [38], one can notice 

that the amount of wastes produced by the city had increased since 1999. On the other hand, the 

share of wastes that are recycled is also much higher.  

 

Figure 63 - Amount of collected wastes for Fribourg, between 1999 -2014 

Despite the general increase visible since 1999, it is observable that the amount of collected wastes 

seems to be constant or even decreasing since 2009, maybe due to an increased awareness of 

people for this problematic. In 2014, the amount of collected wastes was about 19’590 tons, which 

corresponds to 535 kg/capita/year (population of Fribourg: 36’633 inhabitants [2]). 
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Table 16 lists the different types of solid wastes collected in Fribourg, which are illustrated in Figure 

64 

Table 16 - Collected wastes by types for Fribourg in 2014 

Amount of collected waste for the city of Fribourg, in ton per year, 2014 tons/year 

incinerated wastes  9 192.23 

paper and wood 3 959.17 

organic wastes 2 770.76 

glass, bottles 1 480.35 

PET bottles 184.99 

metals, tinplate, alu 385.26 

wood wastes 928.68 

other wastes 565.30 

Sum 19 466.76 

 

 

Figure 64 - Collected wastes by types in 2014 for Fribourg 

We can observe in Table 16 and Figure 64 that it exists various types of wastes that can be recycled. 

Paper and wood are the most recycled wastes but organic wastes are also making a big share.  

As already said, a goal of a sustainable city is to maximize the rate of recycled wastes. Currently, this 

rate is only of 53% in Fribourg.  

In order to go towards more sustainability, the city has to improve its wastes management facilities 

and should give incentives for lower wastes generation, at both the level of producers (e.g. use of 

recycled materials, less packaging) and the level of consumers (e.g. information on the recycling 

possibilities, taxation of incinerated wastes).  

4.3.2.6 Output - CO2 emissions 

In this chapter, the carbon footprint of Fribourg will be studied. The carbon footprint can be 

defined as a measure of the amount of greenhouse gases (expressed in CO2 equivalent) produced by 

our activities. The Swiss carbon footprint in 2010 was 14.6 t CO2 per capita [39]. The carbon footprint 

incinerated 
wastes  

47% 

paper and 
wood 
20% 

organic waste 
14% 

glass, bottle 
8% 

bottle PET 
1% 

metals, 
tinplate, alu 

2% 

wood waste 
5% 

other waste 
3% 



68 
 

of each country is illustrated in Figure 65. It is visible that the Swiss one is among the highest, at the 

same level as other European countries like United-Kingdom, Germany, Ireland and Norway. The 

world average footprint is around 6.8 t CO2 per capita. The amount of CO2 that the Earth is able to 

absorb without leading to changes in the global atmospheric temperature corresponds to 2.5 t CO2 

per capita (with the current world population) [40]. We are for the moment well above this threshold 

and urgent actions are therefore needed in order to decrease our greenhouse gases emission if we 

want to minimize the impacts of climate change and its associated consequences. 

 

 

Figure 65 - Comparison of the carbon footprint with other countries 

As visible in Figure 66 [39], the Swiss carbon footprint is more or less constant since 1990, despite an 

increased awareness of the problematic of climate change. However, this is balanced by an increase 

in the transportation facilities (cars, airplanes, coaches...) and energy consuming devices which 

produce greenhouse gases. 

 

Figure 66 - Evolution of the Swiss carbon footprint form 1990 to 2010 

Figure 67 shows the Swiss carbon footprint of 2004 divided in several categories: housing, transport, 

food, goods, services and other (construction, education, health, public administration and defence). 

It should be noted that the CO2 emission calculated in the chapter 4.2.3: Output - Energy related CO2 
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emissions for households, transportation and industry & services are different from the one that we 

are presenting in this chapter and in Figure 67, because they were taking only the emissions related 

to energy consumption into account. The carbon footprint related to energy consumption was 6.7 t 

CO2 per capita, which means that 46% of the total CO2 emissions is related to energy consumption. 

Looking at Figure 67 [41], we note that goods is the most CO2 generating category, with 4.37 t of CO2 

produced per capita. Therefore, the total amount of goods-related CO2 emission for the city of 

Fribourg (36’633 inhabitants [2]) is 160’086 t CO2 per year. Concerning food, the CO2 emissions 

related to it are 2.17 t CO2 per capita, which means 79’494 t CO2 per year for the city of Fribourg. 

 

Figure 67 - Swiss carbon footprint by category 
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4.3.3 MFA Water, food and products 

Figure 68 illustrated the MFA related to water, food and goods, which was performed using 

the values presented in the previous chapters. Water-related processes are represented in blue, 

food-related one in purple and goods-related one in green. Wastes flows are represented with the 

colour orange. 

Figure 68 - MFA Food, water and products 
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5 Drivers and impacts 

Resources use and wastes generation in a city are influenced by social, economical, 

environmental, technological and political drivers; in return, they have some impacts on humans and 

on the environment. In order to develop scenarios to go towards more sustainable cities, it is crucial 

to identify these drivers and to understand how they influence the energy, materials, water and 

goods flows. At the same time, it is important to know which impacts are resulting from our current 

and future resource use to be able to prevent or deal with them. In Figure 69, some drivers are listed, 

such as population growth, climate, regulation and human behaviour. They influence the quantity, 

the energy source, the provenance of the good, the production technology and the type and quantity 

of waste generated. These changes in the energy and resource consumption have in turn, impacts on 

the environment and human wellbeing, such as climate change and effects on the human health.  

 

Figure 69 - Drivers, changes in energy and resource consumption and impacts 

We will describe each of these drivers and impact in more details in the following sections. 

5.1 Drivers 

5.1.1 Population growth and household size 

Figure 70 represents the population growth for Fribourg, on the long-term (a) and on the 

short term (b) [2]. Fribourg, which was in 1850 a small city with 9065 inhabitants, had faced a huge 

increase of population until 1970. It had reached at that time a maximum population of almost 

40'000 inhabitants, followed by a slight decrease. Fribourg population evolution is mostly correlated 

with urbanisation (mostly in the beginning of the 20th
 century) and migration. Since 2001, its 

population is again slightly rising. In 2012, Fribourg population was of 36'633 inhabitants, four times 

more than in 1850. The population growth rate between 2010 and 2012 was 5%, more than two 

times the Swiss mean (2.8%). Therefore, we can conclude that Fribourg is city attracting people, 
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probably due to its relative small size, which allows a good life quality (e.g. less pollution and traffic 

jam). 

Figure 70 c) describe the population structure according to the age class [2]. In Fribourg, almost two 

third of the population is in the working age (20-65 years). On the contrary, there are relatively few 

people under the age of 20. This “peer-shape” population structure is typical for developed 

countries, with low birth rates and mortality rate, and leads to an aging of the population. However, 

in a city such as Fribourg, the age class 20-39 years is more important than on average (33.9% in 

Fribourg against 26.7% on average for Switzerland), because cities are providing more jobs and more 

entertaining possibilities than the surrounding. They are therefore quite attracting for young adults. 

Then, when people want to create a family and have children, they tends to move to neighbouring, 

smaller municipalities (such as Villars-sur-Glâne), in order to have more quietness and green spaces 

and where they can afford bigger houses. 

 

Figure 70 - a) Long-term population evolution b) Short-term population evolution c) Population structure 

Concerning the household size, it is represented for Fribourg in Figure 71 for the years 2000 and 2012 

[2]. We note that the dominant category is by far single-person household, making more than 40% of 

the households in Fribourg. On the contrary, households with more than three people are not 

common (less than 20%). This is a typical repartition for a city; in rural area the percentage of familial 

households, with three or more people, is higher. 

 

Figure 71 - Household size 
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Energy and resources consumption are affected by population growth: with the same standard of 

living and inhabitant behaviour, a city with more inhabitants requires more energy and resources. 

Also the aging of the population has an impact on the resources use: elderly people tend to have less 

mobility needs and generally buy fewer goods. However, this category of the population is often 

living in single-person flat or in two-people household, rather than in larger-size household. 

A small-size household implies a more important living space per person, which leads to higher 

heating requirement. Single people also uses generally more energy per capita for cooking (economy 

of scale by cooking more food for a family rather than for a single person) and probably generates 

more wastes by the purchase of individual portions, which leads to more packaging wastes. 

5.1.2 Weather and climate 

Other important drivers for the resources use are weather and climate. The difference 

between the two is a measure of time; weather qualifies the atmospheric conditions over a short 

period of time (minutes to months) whereas climate defines the mean state of the atmosphere over 

relatively long periods of time. 

First, we will speak about the influence of weather. 

It is logical that, when people experience a cold winter, they need more energy for room heating 

purposes. Figure 72 illustrates this relationship: the room heating consumption for Switzerland [18] is 

represented in green, whereas the number of heating degree days is plotted in blue. Heating degree 

days are defined as the number of days where heating is needed multiplied by the difference 

between the reference indoor temperature (defined in Switzerland as 20°C) and the daily average 

temperature [42].  

Looking at Figure 72, it is clearly visible that the room heating consumption is highly linked with the 

heating degree days, therefore with the outdoor temperature. For this reason, the household energy 

demand, mainly constituted by room heating consumption (70%), is varying importantly from one 

year to another, depending on the weather. 

 

Figure 72 - Relationship weather-heating consumption 
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Concerning the climate, the long-term average of weather, it has been predicted that the global 

temperature of the atmosphere would rise, due to the increase of the greenhouse gases atmospheric 

concentration resulting from human activities. In Figure 73 a) [43], it is visible that the greenhouse 

gases concentration (expressed in CO2-equivalent) is increasing in an exponential way since the 

industrialization, around 1800. In Figure 73 b) [44], it can be noted that the temperature is increasing 

proportionally to the greenhouse gases concentration. 

 

Figure 73 - a) Evolution of the greenhouse gases concentration b) Temperature evolution 

In Switzerland, like in other continental regions, the warming is even stronger than the global 

average. Depending on the evolution of our greenhouse emissions, scenarios are predicting an 

increase in the global temperature of 1.4 to 5.8°C by the end of the 21th century compared to 1990 

[45]. 

This temperature increase is influencing our heating and air-conditioning energy requirements and it 

is leading to changes in the availability of resources such as agricultural products. These impacts will 

be considered in more detailed in the chapter 5.2.1: Climate change. 

Another effect of climate change is related to precipitation patterns. Precipitations are expected 

globally to increase during winter months and to decrease during summer month. Furthermore, an 

increase in the frequency of extreme events such as flooding, drought and storm is expected. This 

can generate problems with energy and goods supply, e.g. if crops plantation experience drought or 

are destroyed by hail event or if power plants are flooded or damaged by storms. Moreover, the 

change in the precipitation pattern is affecting the whole water cycle, and cities, which have a low 

infiltration rate due to their high imperviousness, are especially concerned. Hydro power plant 

production will also be effected by this change. 

5.1.3 Urbanization and land use 

In Switzerland, the first campaign to monitor land use evolution using aerial pictures was 

launched in 1979, followed by two others in 1992 and 2004 [46]. It took each time 5-6 years and 2800 

pictures to entirely cover the area of Switzerland (41'285 km). These monitoring campaigns allow us 

to compare the situation between the three time periods. Unproductive area stands for area covered 

by water (river/lake), by unproductive vegetation or bare land (rocks).  
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The results are illustrated in Figure 74 for Fribourg (a) and for Switzerland (b) [2]. 

 

Figure 74 - Land use distribution a) in Fribourg b) in Switzerland 

It can be noted that Fribourg has a much more important area dedicated to building and 

infrastructure than the Swiss average, due to the fact that it is a city. The built area is still increasing 

slightly, at the expense of agricultural area. The forested part is also growing a little, because it is 

protected by laws in Switzerland and because it is benefiting of the decrease of agricultural land. 

Unproductive land has also a bit decreased in Switzerland, so like in Fribourg, probably due to use of 

area previously occupied by unproductive vegetation and thanks to modern techniques, which allow 

construction on areas where it was previously not possible (e.g. rocks). 

These changes in the land use have important impacts on the resource use and wastes generation. 

First, the decrease of the agricultural land means that less food can be produced locally. Therefore, 

more importations are needed, which implies a higher energy demand for transportation. 

Furthermore, an increase of the built area affects the water cycle, because with more impervious 

surface, infiltration is reduced, leading to more runoff, higher volume of water arriving at the 

wastewater treatment plant and increased danger of flooding. 

On the positive side, the fact that the forest part is growing means that a higher amount of wood 

could be harvested for energy or construction purposes, without threatening the sustainability of the 

Swiss forests. Moreover, a growing forest has also a positive effect on the CO2 sequestration. 

5.1.4 Technology 

Technological improvements are a great way to reduce our resource consumption and the 

generation of wastes. Nowadays, a lot of recently developed technologies, much more efficient than 

the one we are currently using, are available on the market. However, it should not be forgotten that 

the social acceptance of these new technologies is a crucial aspect. Too often, people are reluctant to 

invest in new technologies because the risks, costs and uncertainties are higher. Moreover, the 

substitution of an old technology by a new, more efficient one is usually not occurring directly, but 

only when the old devices arrive at the end of their lifetime or when it becomes financially worth to 

replace them. Therefore, some time is needed from the commercialization time of the improved 

technology until its spreading and the observation of its effects. 
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 Hereunder, some examples of recent technological improvements that may play an important role in 

the future are listed:  

Energy: 

 Better efficiency of energy power plant, especially for renewable (e.g. wind turbines, solar 

collectors and PV, heat pumps); 

 New technologies that reduce the wastes generation, e.g. gas turbines with CO2 

sequestration; 

 Better efficiency of devices, such as car, fridges, heating system... 

 “Smart grid” (network automation) development in order to reduce the mismatch between 

energy supply and demand; 

 Improvement of the electrical car network. 

Water: 

 Treatment of new pollutants in wastewater treatment plants, such as substances contained 

in biocides and pharmaceutical, in order to have a better water quality and to prevent health 

issues; 

 Water saving devices for toilets and shower to reduce water consumption in household. 

Goods: 

 New or improved processes for goods production, leading to less resources use, less costs, 

shorter production time and reduced amount of wastes; 

 Recycling of wastes. 

5.1.5 Building and city design 

The structure of buildings and cities are influencing the resource consumption. In the 

construction of new neighbourhoods, several factors are worth being taken into account to reduce 

the energy need. 

 Compactness of the city: less thermal losses occur in dense, compact cities. Also the sharing 

of resources, e.g. energy is easier [47]. For example, it is worth implementing district heating 

rather than decentralized heating systems in compact neighbourhood with high heating 

energy demand [48]. However, compact cities tend also to have lower solar access. As we 

have seen in our first semester project [11], the critical factor concerning solar irradiation is 

the height of the buildings. Therefore, before constructing a new neighbourhood, the size 

and height of the buildings should be carefully analysed, eventually with simulation of 

incoming solar irradiation, in order to construct the buildings in the optimal way considering 

energy consumption. 

 Passive solar design: the goal of this concept is to use the most efficiently possible the solar 

energy to decrease the heating and lightning consumption. It is based on the principle of 

capturing in the most optimal way the heat energy of the sun and of storing it in materials 

present in walls and floor during the day in such way that it can be released during the night. 

Several parameters should be taken into account for the construction of new building or the 

renovation of existing one following solar passive design principles: glazing type and size, 
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orientation of the windows and of the rooms, insulation, thermal mass, solar control...[49]. 

Solar passive design is a great way to reduce the energy consumption, which requires only 

clever engineering and used of adequate materials. 

 Location of residential areas, offices and industries: depending on the location of residential 

areas, offices and industrial areas, people have to travel more or less to go to work each day. 

However, the neighbourhood of industrial areas is not considered as attractive places to live, 

as it is often more polluted and due to esthetical reasons. In order to reduce the energy 

dedicated to mobility, the location of residential areas and working areas (offices and 

industries) should be studied, and the main axis used  by people to go to work should be 

optimized in terms of public transportation and street structure (to avoid unnecessary 

diversion).  

5.1.6 Human behaviour 

Human behaviour can influence greatly the resource consumption, by several ways. 

First, the energy consumption in buildings can be greatly influenced by the occupant behaviour, e.g. 

in the choice of the inside temperature level, in the way and length of aeration, by the daily 

utilization and by the presence of internal heat sources such as computers, lightning devices, oven... 

Figure 75 illustrate the influence of these factors on the building heat requirement [50].  

 

Figure 75 - Influence of occupant behaviour on building energy consumption 
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It can be noted that an excessive aeration could double the energy needed for heating purposes. 

Therefore, by giving advices to people on how to perform a wise and efficient aeration (for example 

by performing aeration 2-3 times a days for 5-10 minutes with windows wide open rather than by 

continuous aeration with partially-opened windows), substantial energy savings can be achieved. 

Also, by lowering the inside temperature level of the room of 4°C and wear an additional pull-over,  

the heating requirements can be efficiently reduced.  

Another way to decrease the resource consumption is to replace old devices (e.g. cars, fridge, 

house...) by newer, more efficient one. However, the so-called “rebound effect” should be avoided. 

This one can be defined as “the extent to which the estimated energy savings enabled by the 

enhancement in energy efficiency are reduced by the behavioural response (i.e., higher 

consumption) to the increase in efficiency” [51]. For example, buying devices with greater energy 

efficiency, when the oldest devices were still well functioning may generate higher industrial energy 

use for the production of the new for the recycling of the old device. 

Resource consumption is also affected by the choices performed by people, e.g. concerning the 

transportation mean or the heating system, and by the habits. Paying attention to energy savings, 

e.g. by switching off the devices rather than putting them in standby, can play an important role. 

Concerning mobility, the concept of ecodriving is currently gaining in importance: it can be described 

as an energy-efficient use of vehicle, in order to reduce fuel consumption, by following simple rules 

such as maintaining a steady speed at low RPM or anticipating traffic flow in order to avoid 

unnecessary braking and acceleration. 

As we have seen in this section, changing people behaviour is crucial to reduce our resource 

consumption. This can be achieved by giving advices to people on energy-savings measures, provide 

information on the energy consumption of devices (for example by introducing an energy label) or by 

financial incentives for the choice of energy efficient solutions. 

Some example of label and standard existing in Switzerland are listed in Table 17. 
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Table 17 - Example of labels and standards 

 

In Switzerland lots of labels and standards for building’s construction or building’s retrofit exist. 

Applying theses standards of construction does not mean decreasing the life quality but, on the 

contrary, means a better life quality (e.g. less air currents in buildings thanks to a better insulation) 

associated with lower consumption of resources.  

Some of these standards and labels also cover other fields than buildings, such as mobility or land 

use. It is for example the case of the label “City of Energy” (that Fribourg has received) which is given 

to municipalities that have taken measures in order to raise awareness of the population about 

environmental issues.  

Label/Standard Description 

2000 Watts society [52] • Buildings: construction standard (SIA), for new buildings for or 

renovations. 

• City: “federate its activities in a common energy policy”, by 

adopting laws, incentive structure and public awareness 

(population, industry). 

• Canton: by setting the legal framework, incentive instruments 

and programs and by delivering advice and information.  

City of Energy [53] Label, on the scale of a city, catalogue of standard measures:  

• Land use and spatial planning  

• Buildings and communal devices  

• Supply and decontamination  

• Mobility  

• Internal organization 

• Communication and Cooperation  

Minergie - Swiss Association [59]  Requirements, on a building scale:  

• Primary requirement on the building envelope  

• Control renewal of air 

• Thermal comfort 
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5.1.7 Mobility 

In this paragraph, mobility of students and workers in Fribourg will be first analysed. Then, 

drivers of mobility will be studied. The Swiss Federal Statistical Office provides, for 2000,  the number 

of workers and students travelling with each type of transportation mean, according to the type of 

movement: going into Fribourg (incoming), going out of Fribourg (outcoming) or moving inside 

Fribourg to work or study [54]. These numbers are illustrated in Figure 76. 

 

Figure 76 – Worker and students movement in Fribourg (2000) 

It can be seen that there is far more people going to Fribourg to work or study (24’806 people) than 

people going out of it for these purposes (6796 people). This is due to the fact that, as Fribourg is the 

main city or the area and it is an important economic, administrative and educational centre, it 

provides more jobs than the surrounding municipalities. An important number of people (17’498) 

both live and work in Fribourg.  

It is quite interesting to note that the distribution between the transportation means is quite 

different between the different types of moves: incoming workers and students mostly use the car 

(49.9%), the train (23.5%) or buses/postal coaches (20.9%). It can be assumed that the majority of 

the public transportation users are students, as those are often not in possession of a car for financial 

reason or because they do not have the driving licence. The trend is similar for outcoming worker 

and students. Considering the people that travel inside Fribourg to work or study, however, the 

majority goes by foot (34.8%) or by buses/postal coaches (31%). Due to its relative small size, 

Fribourg is a city where travelling by foot to the working place or school is often feasible. No 

movement inside Fribourg occurs by train as Fribourg possesses only one train station. Bikes are not 

so much used in Fribourg, probably due to the fact that the city is in slope and because the practise 

of bike is not so common in Switzerland compared to countries like Germany and Netherlands. 

Finally, a small number of people are working at home, performing therefore no moves for working 

purposes. 
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We will know look at the factors influencing the mobility and transportation needs: 

Figure 77 represents the Swiss energy consumption dedicated to transportation in relationship with 

the number of vehicles in Switzerland (a) and the fuel price (b) [18]. As oil-based fuels (benzene and 

diesel) are still supplying more than 94% of the transportation means in Switzerland, these two fuels 

were chosen as indicator for the fuel price. 

 

Figure 77 – Energy consumption for transportation in relationship with a) number of vehicle b) fuel price 

The number of vehicles in Switzerland is constantly growing. It is visible that, even if it seems to 

influence the energy consumption, it is not the only factor determining it. Indeed, people that 

possess a car can choose to use it more or less frequently. Looking at the relationship between the 

energy consumption and the fuel price, it is surprising to note that, when the fuel price is low, the 

transportation is low and the contrary. The explanation lies in the fact that transportation fuel is a 

good with low elasticity: even if its price increases greatly, the consumption is not so much affected. 

However, what is influencing both the energy consumption and the fuel price is the economical 

background. The effects of the financial crisis of 2008 are clearly visible in Figure 77, with an 

important decreased in 2009 of both the energy consumption and the fuel price. Benzene and diesel 

prices are correlated, as they are both oil-based products. Diesel is however a bit more expensive 

than benzene in Switzerland for all the considered years, which is the reason why most vehicles still 

run on benzene in Switzerland. Diesel produces slightly less CO2 than benzene: 110-150 gCO2 per 

passenger kilometre against 130-170 gCO2 for benzene (gasoline)[55]; on the other hand, it produces 

1000 times more particular matter and 5 times more NOx than benzene [56]. 

5.1.8 Energy price  

Another important driver of resources use is the economy. According to the price, people will 

consume a different quantity of a given resource or try to find substitutes for it. Energy in general has 

a low elasticity, which means that an increase or decrease of its price does not affect so much the 

consumption; however, when buying new devices or constructing new power plants, the price of the 

energy source is a determining factor.  
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Figure 78 represents the price of several energy sources in Switzerland in 2000 (a) and the evolution 

of these prices since 1965 (b) [46], [47]. 

 

Figure 78 – a) Energy prices in 2000 b) Evolution of energy prices since 1965 

In 2000, wood and coal were the cheapest energy sources, followed by gas and oil. Electricity was on 

the contrary the most expensive energy source. It is interesting to note that the price of oil products 

(heating oil, benzene, diesel, kerosene) is quite volatile, on the contrary of electricity and gas, which 

fluctuate a bit less. For the moment, the price of renewable energies (solar, wind, heat pump...) 

hardly competes with fossil resources prices. For this reason, subsidies for renewable energies or 

taxation of polluting fossil resources are needed to give incentive for their development. In this 

vision, the federal government had developed the Feed-in remuneration at cost which covers the 

difference between the production costs and the market price for electricity from renewable sources 

[57]. In general, the price of energy is increasing in Switzerland, but it is also the case of the GDP, 

which has increased of 22.1% between 2000 and 2012 [18]. 

Figure 79 shows the electricity price in Fribourg in 2015, and compare it with the prices in 

Switzerland [58]. With a price of 19.02 cts/kWh in 2015, Fribourg’s price was a bit below the average 

Swiss price (20 cts/kWh). It is interesting to note the great variability in the electricity price between 

the municipalities, ranging from less than 5 cts/kWh to more than 25 cts/kWh. For this reason, 

concentration of energy-intensive industries can be found in some municipalities in Switzerland. 

The electricity price is composed of four costs: network use (53.7% of the price in Fribourg), 

electricity generation (40.5% in Fribourg), communal taxes and subsidies for the development of 

renewable energies (RPC, 5.8% of the price). It is interesting to note that a substantial increase 

occurred in electricity price between 2013 and 2015 due to an augmentation of the share dedicated 

for renewable energies subsidies (from 0.45 to 1.1 cts/kWh). 
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Figure 79 - Electricity price in Fribourg in 2015 

5.1.9 Political drivers  

Political drivers are important in the implementation of urban energy policies to achieve a 

more sustainable resource management. Urban energy policies can be defined as “activities 

undertaken by public sector urban agents (e.g. metropolitan and neighbourhood authorities) to 

influence the supply and demand of energy within their urban area and to manage the consequent 

impacts of this consumption within and beyond the city limits” [59].  

In this way city is the place where “resource and energy use meets local government capacities and 

therefore constitute one of the major avenue for the implementation and formulation for effective 

sustainability and climate policy” [60].  

With the help of different policy instruments, urban public agents can introduce new laws, economic 

incentives and regulatory approaches in an official way, in order to have a sustainable city or at least 

a city more respectful of the environment.  There is three types of policy instruments [60]: 

 carrots (economic incentives) 

 sticks (regulatory approaches) 

 sermons (information and educational instrument) 

Political drivers can be used at different scales: at the international level, at the European-Union 

level, at the cantonal level or at the level of the city (which is very linked with cantonal legislation). 
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 International and European-Union level [59] 

Some examples of policies at the international and European-Union level are described in Table 18. 

Table 18 - Political drivers at the international and European-Union level 

Policy / organization Description 

International 

UNFCC Framework convention on climate change with implementation policies 

such as Kyoto protocol 

IAE treaty Requires signatories to report annually on key energy statistics  

European-Union level 

Energy policy for Europe Commits EU to ‘‘a low consumption economy based on more secure, more 

competitive and more sustainable energy’’ (EC, 2007) 

Various directives Address specific issues such as energy performance of 

buildings (2002/91/EC), energy efficiency (2006/32/EC), renewable energy 

(2001/77/EC) and others (see EC, 2009) 

 

At this broad level, decisions and conventions do not define specific and precise requirements but set 

global targets concerning climate change, energy consumption and sustainability. In this way, 

national governments have a common basis to implement decisions and all governments can 

implement energy policy going in the same direction, but adapted to their local characteristics.  

Of course, governments do not have the obligation to follow international conventions such as Kyoto 

protocol (not all countries have accepted to sign it), but some directive coming from EU are 

mandatory for European governments.  
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 National level 

Table 19 provides some examples of policies implemented at the Swiss level. 

Table 19 - Political drivers at national level 

Policy / organization Description 

Minergie - Swiss association  Decrease of buildings’ energy consumption, including rational use of energy 

and renewable energy.   

2000 Watt Society  Implementation of three strategies: efficiency, substitution, sobriety.  

OFEN - Energy Label [61] Energy saving from light bulbs, TV, household appliances, passenger cars, 

windows… 

OFEN - Financial support for 

industrial energy 

Refund of the surcharge of the high-voltage electricity transport network cost 

[62] 

Federal Council – Action 

plan in 2008 [45] 

Actions for energy efficiency (mainly for buildings, mobility, devices, 

formation, technology transfer) and for renewable energy (in the areas of 

heat production from renewable energy, energy production from biomass, 

promotion of hydropower, research, technology transfer, training and further 

education.)  

 

On the national scale, directives are more precise and apply for more concrete cases. For example, 

Minergie association sets directives and obligations in order to decrease the energy consumption of 

buildings. Directives at this level cover fields such as building’s construction, energy label for 

household appliances but also energy efficiency in general.  

Some directives at the national level are also made to provide incentives for energy efficiency and 

renewable energy. For example, the Federal Council proposes an action plan in which several 

measures are listed, in order to increase energy efficiency (whether for buildings or mobility) and the 

share of renewable energy. The 2000 Watt Society proposes three strategies (efficiency, substitution 

and sobriety) for the purpose of a sustainable society.   
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 Cantonal level  

Examples of policies defined at the level of the canton of Fribourg are provided in Table 20. 

Table 20 - Political drivers at cantonal level 

Policy / organization Description 

EnDK (conference of energy 

cantonal directory) – EnFK 

(conference of energy 

cantonal service)[45] 

Strategy for 2006-2011: Incentives for building renovations, consumer 

awareness, use of waste heat and renewable energy, efficiency, price…  

EnDK [63] Strategy for 2006-2011: Measures based on market tool (bank: give 

preferential rate for MINERGIE building renovation) 

Measures based on tax tool (climate cent, minimum tax on the CO2, tax 

incentive)   

ModEnHa (harmonized 

incentive model of cantons) 

[46] 

Only a recommendation, but describes criteria that should be fulfilled in 

order to obtain subsidies. 

Describe the financial incentive mechanism.  

 

As Switzerland is composed of many cantons, which have a lot of power on political decisions, 

directives at this level are very important and might differ a lot on the severity of the criteria 

depending of the canton. For the canton of Fribourg, EnDK (conference of energy cantonal directory) 

and EnFK (conference of energy cantonal service) set the energy strategy to follow in the years to 

come. They fix the level of incentive for example concerning building renovations and concerning the 

use of waste heat and renewable energy. These cantonal organizations have a real financial power. It 

is at the cantonal level that the amount and nature of subsidies are decided.  

Some recommendations are also provided at this level, such as ModEnHa (harmonized incentive 

model of cantons) which gives criteria that should be fulfilled in order to receive subsidies.  

As seen in this section, the main goal of the cantonal level is to determine incentive and tax 

applications.  
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 Municipal level (very linked with cantonal level) 

Table 21 describes policies implemented at the level of the city of Fribourg. 

 Table 21 - Political drivers at the municipal level 

 

At the municipal scale, urban policies are defined for more concrete cases. The amount and nature of 

subsidies (defined globally at the cantonal level) are given by organizations at the city level. Some 

electricity groups have the legal obligation to purchase energy from renewable sources produced by 

individual clients. It exists also taxes applied by the municipality (but decided at the cantonal or 

national level).  

It can be seen that directives applied by the city of Fribourg are often decided at a higher level 

(cantonal, national or even international). It can be explained by the political structure of 

Switzerland, where decisions are often taken by the Swiss government (national level), led and 

defined more precisely at the cantonal level and finally applied at the level of the city.  

Policy / organization Description 

SdE (Energy service) 

[56] 

Defines the nature and amount of subsidies  

Groupe-E [64] Purchasing of electricity from renewable energy (Nature and amount of the 

subsidy) 

Foundation for energy 

efficiency in public 

buildings [57] 

03.2015: pre-financement of the process and reinvestment of earnings, 

systemization of the approach and action on the public park, coaching of 

engineers, contribution to the cantonal energy policy.  

City of Energy [53] Label, proof of the energy efficiency policy in the municipality. Use of this Label 

in territorial marketing.  

SdE  Challenge Off, Energy barometer of Fribourg, which allows the comparison of 

the current energy consumption of Fribourg with the one of last year 

Municipality of 

Fribourg [58] 

Waste tax for garbage bag and annual fee (90 CHF per taxpayer) 
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5.1.10 Financial drivers (subsidies and taxes) 

Financial incentives, in the form of subsidies or taxes are often used in Switzerland. Some 

examples are provided in Table 22. 

Table 22 - Example of financial drivers 

Measure Description 

SdE (energy service) – 

Building Program and 

Label Minergie [56] 

Nature and amount of the subsidy: until 250 m2 of energetic reference area, 

subsidy of 10’000 CHF. From 250 m2, complementary subsidy of 20 CHF / m2.  

Swiss Foundation for 

the climate  

Nature and amount of the subsidy: subsidy of 10 CHF / saved MWh during the 

period of saving. 

Groupe – E  Purchase of electricity from renewable energy at an attractive price.  

Energy Strategy 2050 – 

CO2 levy [65] 

2008: 12 CHF/tonne of CO2 

2013: 36 CHF/tonne of CO2, if intermediate goal not achieved, up to 120 

CHF/tonne of CO2.  

1st January 2014: 60 CHF/tonne of CO2.  

Energy Strategy 2050 - 

Future energy taxation  

Based on the amount of electricity consumed (CHF per kWh), not clearly defined 

yet.  

 

Different foundations and energy services can provide subsidies. This amount of money is given for 

example for building renovation or improvement of household equipment but also for energy saving 

during a given period. Subsidies are applied in different sectors and gives incentives for the 

development of energy efficiency, renewable energy and for construction in a sustainable way.   

Taxes are another mechanism often used for a more sustainable management of cities and countries. 

An example is the CO2 tax. The level of this tax is not constant and changes in function of the 

environmental goals fixed. This tax has big impacts on industries (obligation to reduce the CO2 

emissions means taking measures such as CO2 sequestration or improvement of the energy 

efficiency) and leads to an improved air quality.   

According to the Energy Strategy 2050, the future energy taxation will be based on the amount of 

electricity consumed (CHF per kWh), in order to give incentives to industries and households for 

energy efficiency. But the implementation of this future energy tax is not well defined for the 

moment. 

  



89 
 

5.2 Impacts 

Our current way of living, using the resources of the environment and generating wastes at 

an impressive pace, has some consequences for the environment and for the human-being in 

general. Some of these impacts will be described in the following sections.  

5.2.1 Climate change 

As already explained in the chapter 5.1.2: Weather and climate our current resource use is 

generating a high amount of CO2 and other greenhouses gases, mostly through combustion of fossil 

sources but also due to changes in the land use for example. Nowadays, the CO2 emitted is by far 

exceeding the earth capacity to absorb it, leading to an increase in the global atmospheric 

temperature. 

Some consequences are already visible for human beings, for example: 

 Rising of the sea level: the sea level is rising due to the additional water coming from the 

melting of ice caps and the expansion of sea water as it warms. The recorded rate of change 

is 3.19 mm per year [66]. As a consequence, coastal plains would soon become 

uninhabitable, forcing their inhabitants to migrate. 

 Impacts on agriculture: modifications in the temperature and precipitation patterns would 

have major effects on the agricultural productivity. In some case, indigene species would not 

be able to survive, but other species might be favoured by the new climatic conditions. 

 Reduction of the ozone layer: the main cause of the ozone layer’s depletion is the emission 

of chlorine-containing sources gases (e.g. CFCs), which, in the presence of UV light, 

dissociate, releasing chlorine which catalyses the destruction of ozone. Since the ozone layer 

has a protective function against harmful solar irradiation, its depletion can lead to damages 

for human, e.g.  an increase in the number of skin cancers or eye damages. 

 Increased extreme weather: changes in the temperature and precipitation patterns might 

lead to higher frequency of droughts, floods and storms. 

 Spread of diseases: some diseases would be able to spread in regions that were previously 

too cold for them to survive in. Furthermore, an increase in the frequency of extreme events 

would favour some infectious diseases such as malaria, by providing better condition for the 

spread of vector (e.g. mosquitoes) or by an increased contact of people with contaminated 

drinking water. 

 Ecosystem changes: the new climatic conditions would lead to changes in the range of plants 

and animals living in a specific region. A migration of organisms towards the Poles or in 

altitude is already observable. 

Climate change is therefore bringing a lot of modifications for human-being. Even if some regions 

might benefits from some aspects of the climate change (e.g. higher agricultural productivity in some 

cold areas), most of these consequences are raising new problems that our society would have to 

handle. We are currently experiencing some of these effects, but in order to reduce their impacts in 

the future, we must absolutely reduce our emissions as quick as possible. It is important also to be 

aware of the inertia of the climatic system, which means that even if we were able to reduce 

drastically our greenhouse gases emissions to a sustainable level for the earth now, the global 

temperature would still continue to rise for some year before stabilizing or decreasing. 
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5.2.2 Health effects 

The high concentration of air pollutants that are generated by human activities such as 

transportation, energy generation and industrial processes, has some impacts on the human health. 

Several air pollutants have been identified and are monitored in Switzerland. The most important 

one, regulated in the Swiss legislation (OPair), include ground-level ozone (O3), nitrogen dioxide 

(NO2), carbon monoxide (CO), sulfur dioxide (SO2) and particulate matter (PM10) [67]. 

These pollutants are coming from various sources: 

 Mobile sources: cars, trucks, buses... 

 Stationary sources: factories, refineries, power plants... 

 Indoor sources: building materials, cleaning products... 

Some effects on human-being exposed to high concentrations of these air pollutants have been 

observed, for example: 

 Asthma and respiratory difficulties 

 Stress to heart and lungs 

 Damaged cells in the respiratory systems 

Furthermore, another damaging consequence of high concentrations of these substances in 

atmosphere is smog, which is observable nowadays in some large cities as Shanghai or Bangkok.  

5.2.3 Resource depletion 

Our current way of living, which can be qualified of excessive for many aspects, is depleting 

the natural resources available on earth, sometimes at a really fast rate. In this section, some 

example of resource depletions that are occurring in various fields will be given. These problematics 

will be treated in a global, world-wide approach. Then, the situation for Fribourg will be specified if it 

is relevant. 

 Fossil fuel: with our current consumption, the reserves (quantity that can be commercially 

recovered) of oil, gas and coal would run out in more or less one century. This is illustrated 

by Figure 80 [68].  
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Figure 80 – Expected fossil fuel reserves 

 Water: the increasing demand for fresh water causes competition and tensions in some 

regions where this resource is scarce (e.g. India, Sub-Saharan Africa). However, water 

availability is not an issue in Switzerland; this one is even considered as the “water castle of 

Europe” because it has at its disposal huge water reserves, stored in lakes, glacier and 

permanent snow, groundwater, rivers... [69] 

 Food: some products such as some species of fishes, are consumed at a higher rate that their 

natural growth rate, threatening therefore the survival of the species. Another problem is 

the loss of fertile soils due to a too intensive agriculture, which uses the nutrients more 

rapidly than the soil is able to regenerate them. Therefore, after some years, the crops are 

not able anymore to growth optimally in this soil, generating low yields.  

 Deforestation: deforestation is occurring mostly in order to obtain more land for agriculture, 

for mining exploitation or for urbanisation. Deforestation is an issue since the Antiquity, but 

due to the current preoccupation of climate changes (deforestation is responsible for 17% of 

the CO2 emissions [70]), this topic is more and more discussed. Deforestation is mostly 

occurring in three zones: Amazonia, equatorial Africa and Malaysia/Indonesia. In Switzerland, 

deforestation is not an issue; on the contrary, forests, which are protected by law, are 

constantly growing. This trend can be also observed for the canton of Fribourg, as illustrated 

Figure 81 [2]. 
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Figure 81 – Percentage of wooded area from 1880 to 2008 in the canton of Fribourg 

5.2.4 Urban Heat Island 

Urban Heat Island describes the local modification of the climatic condition in an urban area 

relative to its surrounding, due amongst other to the replacement of vegetation with concrete and 

asphalt, anthropogenic heat production and dark building materials that trap and store incoming 

radiation. 

Urban Heat Island is characterized by higher temperature, lower air humidity and modified air 

circulation patterns. Figure 82 illustrates the change in the air temperature from rural to urban areas 

[48]. 

 

Figure 82  - Modification of the air temperature from rural to urban areas 
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The strength of the Urban Heat Island phenomenon depends on the size, properties, and location of 

the city, as well as the time of day, the season and the weather conditions. Cities with a high level of 

urbanization, i.e. large population size and density and extensive building and pavement presence, 

tend to have a more pronounced Urban Heat Island effect. Parks, with their higher coverage by 

vegetation, usually reduce the Urban Heat Island effect, especially during the day [1].  

Consequences of the urban heat island include higher stress for the metabolism resulting from the 

increased heat; increase in the formation of ground-level ozone, which, as seen in section 5.2.2: 

Health effects, can have negative impact for the health; higher aerosol concentrations and 

modifications in the animal and plant communities living inside the city.  

Urban population growth and climatic change are amplifying the Urban Heat Island effect, making a 

wiser urban management a necessity for the future.   
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6 Scenarios 

The resources use and the generation of wastes are influenced by a lot of factors, as seen in 

the chapter 5: Drivers and impacts. Different measures can be taken at different levels in order to 

achieve a more sustainable urban resource management. In this chapter we will provide examples of 

realistic measures that can be implemented in Fribourg, classified in categories in function of their 

strategic orientation.  

All these drivers have a common goal: to improve and develop a more sustainable urban resource 

management. Goals in various topics can be set to go towards a more sustainable city: improvement 

of water and air quality, reduction of building energy consumption, higher use of public 

transportation, lower CO2 generation, reduction of the Urban Heat Island effect, reduction of health 

issue due to high pollutant concentration... A city can develop different strategies in order to become 

more sustainable, and political and economical measures can be decided at different level of our 

society (municipal, cantonal, national or international level). 

Three different scenarios will be presented in this chapter: a socio-economic scenario, a 

technological scenario and a political scenario.  

Each scenario was developed taking into account the drivers enounced in the chapter 5: Drivers and 

impacts and a short list of measures with their associated impacts is provided for each one. 

Measures from these three scenarios have to be combined to achieve efficient improvements in the 

resources use and wastes generation; indeed, the effectiveness of a scenario depends on factors 

such as the culture and income of people, the type of consumer (e.g. industries, household, 

individual)... Therefore, in order to target the largest number possible of people, a combination of 

the three scenarios is needed. The three scenarios are illustrated in Figure 83. 

 

Figure 83 - Illustration of the three scenarios 

At the end of the chapter, an example of a calculator of energy strategy, Swiss EnergyScope, will be 

given.  
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 Socio-economic scenario 

Two kinds of socio-economical measures can be taken to give incentives for a more sustainable 

resources use. The first one is information and advices. It allows raising awareness of people on the 

current environmental problem and helps them to do wiser choices or to change their behaviour. 

The second one is financial incentives, either subsidies or taxes. This kind of measures is usually 

efficient, especially with people with low and medium income. However, in the case of subsidies, 

someone, usually the government or an organization, should provide the money for it. Taxes are 

often perceived as a “punishment” and people are often reluctant to do more efforts than the 

minimum with this kind of measures. Table 23 provides examples of socio-economic measures that 

can be taken in Fribourg for a more sustainable resource management. 

Table 23 - Socio-economic scenario 

Information/Advices 

Measure  Impact Example 

Information on efficiency of 

devices (car, heating system, 

light bulbs...) 

Wiser consumer’s choice  

→ Reduction of energy consumption 

European Union energy 

label (classification A, B, C…) 

Advices on energy-saving 

measures 

Avoiding unnecessary energy use Avoidance of standby 

Advices  on passive solar design Optimization of solar use → 

Reduction of heating and lightning 

energy need 

Insulation, glazing type, 

construction standard 

Information on water-saving 

possibility 

Avoiding unnecessary water use Use of water saving-devices 

Information on recycling Reduction of wastes Information in schools, 

“recycling guide” 

Information on product 

selection 

Reduction of pollutants in water and 

air → Higher water quality, lower 

environmental impacts, lower health 

issues  

Labelling 

Comparison of water/energy 

use (between years/people) 

Incentive “to do better” Challenge Off (Energy 

barometer of Fribourg) 
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On green space creation  Reduce water runoff (less flooding 

probability, more possibilities of 

filtration of contaminant) 

Green roofs, gardens 

Financial incentives 

Measure Impact Example 

CO2 taxes Reduce the use of polluting energy 

sources, decrease of greenhouse 

effect  

Energy Strategy 2050 

Subsidies for energy-saving 

measures on buildings 

Reduction of heating energy demand 

on building  

2000 Watts society, City of 

Energy, Minergie  

Reduction of price for public 

transportation use 

Substitution of car by public 

transportation → lower energy use, 

lower emissions 

Children cards, daily cards 

Increase of parking price Decrease car number in city, 

incentive for public transportation 

use → lower energy use and lower 

emissions 

 

Subsidies for renewable energy 

production 

Substitution of fossil resources by 

renewable energies, indigene energy 

production 

Group – E , Feed-in 

remuneration at cost  

 

In Fribourg, some of these measures are already applied, such as the use of subsidies for renewable 

energy production or the implementation of means of comparison for energy consumption 

(Challenge OFF [71], a web application launched by the Energy Office of the State of Fribourg (SdE) 

which targets an augmentation of the energy consumption for the canton of Fribourg of 0% between 

the 1st of June 2014 and the 31st of May 2015, when the current trend is 25% increase). 

These socio-economic strategies cover various fields which should all be considered in order to 

achieve a more sustainable urban resource management: building energy consumption, renewable 

energy production, mobility, water pollution, imperviousness of the city, generation of wastes... They 

can target different kind of users (energy producers, industries, households...) and can be 

implemented at different levels (international, national, cantonal or municipal). 
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 Technological scenario 

Technological improvements are crucial to decrease our resource consumption while keeping our 

current standard of living. A lot of technologies which can help achieve more sustainability are 

already developed and available on the market, but are sometimes not implemented due to higher 

costs or lack of social acceptance. Incentives for research should also be given in some fields, such as 

energy storage, in order to develop more efficient devices. Table 24 lists some technological 

improvements that are worth being considered for a better urban resource management. 

Table 24 - Technological scenario 

Technological improvement 

Measure Impact Example 

Energy production efficiency Less losses, higher energy 

generation 

Wind turbine, solar cell 

improvement 

Energy related emission 

reduction 

Less CO2 and other gases emission  Gas turbine with CO2 

sequestration 

Building’s retrofit Lower heating demand Insulation 

Devices efficiency Lower energy demand Car, fridge, heating system, 

label for light bulb, 

household appliances... 

Reduction of pollutants in the 

sewer network 

Higher water quality, lower 

environmental impacts, lower 

health issues 

Manhole with membrane, 

sediment trap [32] 

Treatment of new pollutants in 

WWTP 

Higher water quality, lower 

environmental impacts, lower 

health issues 

Micropollutant found in 

pharmaceutics, biocides... 

Water recycling systems More recycling of water →  

reduction of the new water input 

needed 

Rain collecting systems 

Encourage research on new 

storage technologies  

Reduce the mismatch between 

energy supply and demand, more 

energy security 

Home battery (example: 

Powerwall from Tesla [67])  
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Develop the electrical car 

network  

Reduce fuel consumption and CO2 

emissions. Connect indigene 

electricity production with personal 

mobility. 

Tesla Model  

(up to 400 km range)  

Electrical network automation Reduce the mismatch between 

energy production and 

consumption. Electricity network 

must integrate today’s information 

and communication technology. 

“Smart grid” [72] 

 

 

Technological improvements can cover a wide range of applications. These measures can for 

example improve energy efficiency in buildings or devices, help to achieve a better air and water 

quality or reduce the transportation energy consumption and gases emission. The efficiency of 

technological improvements depends on both the amount of effort placed in the research field and 

the consumers’ acceptance of the newly developed technologies. The latter is defined by the price, 

but also by the risks (financial and technical) perceived by the consumers. The implementation of 

new technologies should therefore be supported by producers and political, by the implementation 

of socio-economic or political measures, such as information, financial incentives or directives. As 

said before, the three scenarios should be combined for efficient improvements in the urban 

resource management. 

 Political scenario 

Political measures are mostly implemented under the form of legislation. The following of these 

measures is mandatory for the stakeholder concerned by it (individuals, industries, municipalities...). 

The Swiss legislation is organized in different levels according to the level of specification, as 

illustration in Figure 84 [73]. The Swiss Constitution fixes the general goals and visions. Laws defined 

the global requirements and principles, which are further detailed in ordinances. Finally, guidelines 

provided concrete application principles in specific fields. 

 

Figure 84 - Organization of the Swiss legislation 
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Different levels of competence also exist in Switzerland. The most important decisions are taken at 

the Federal level, but the cantonal level is also quite influential due to importance of cultural and 

linguistic differences between the different Swiss regions. Finally, municipalities can also implement 

rules according to their own characteristics and according to the willingness of its citizens to achieve 

a specific goal. Table 25 provides some example of political measures that can be implemented to 

achieve a more sustainable resources management. 

Table 25 - Political scenario 

Political measures 

Measure Impact Example 

Improvement of public 

transportation network 

Substitution of cars by public 

transportation means → lower 

transportation  energy need 

Creation of new lines, 

augmentation of the 

frequency 

Reduction of car’s number in 

cities 

Reduction of car usage → lower 

transportation  energy need 

Limited velocity streets, 

pedestrian streets 

Ban of polluting substances in 

products 

Lower health issue, lower 

environmental impacts, higher 

water and air quality 

Ban of lead in fuels, ban of 

phosphorous in wash 

powder 

Energy directives from Regional 

level 

Commits EU to ‘‘a low consumption 

economy based on more secure, 

more competitive and more 

sustainable energy’’ (EC, 2007) 

Address specific issues such 

as energy performance of 

buildings, energy efficiency, 

renewable energy and 

others 

Federal Actions Plan 

concerning energy efficiency 

and renewable energy  

Actions concerning energy 

efficiency (mainly for buildings, 

mobility, devices, formation, 

technology transfer) and Renewable 

energy (in the areas of heat 

production for buildings from 

renewable energy, production of 

energy from biomass, promotion of 

hydropower, research, technology 

transfer, training and education.)  

Federal Council – Action 

plan in 2008 [68] 

Strategy for a sustainable city  Implementation of three strategies: 

efficiency, substitution, sobriety.  

2000 Watt Society  
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 The area of application of political measures is large and includes amongst others measures to 

reduce energy consumption in the building’s or transportation’s fields and measures to improve 

water and air quality. The implementation of the measures contained in this scenario depends a lot 

on the consideration of environmental issues by the government (national, cantonal or municipal) 

and on the financial means at its disposal. In this scenario, individual choices are less important. 

 Swiss-EnergyScope [74]  

This software, developed at EPFL, allows creating your own energy scenario for Switzerland for 2035 

or 2050. The values of different input parameters can be chosen by the user (in a reasonable interval  

provided by the developers of the software) and the software gives then the energy consumption, 

share of renewable, amount of CO2, amount of wastes and costs associated with the chosen 

parameters. Figure 85 provide an illustration of this software, which can be accessed freely under the 

URL http://www.energyscope.ch/.  

 

Figure 85 - Illustration of Swiss EnergyScope 

Input parameter includes the following categories: 

 Socio-economic: population [million], economic growth [%/year]; 

 Energy efficiency: of building [kWh/m2], lighting [kWh/m2], households appliances 

[kWh/household]; 

 Mobility: vehicle type, public transportation [%], good transport by train [%], bio-fuel 

[%]; 

 Heating: level of centralization, district heating, distributed heating, heating fuels, heat 

for industry; 

 Electricity production: renewable (solar, wind, hydro, storage [GWh]) or non renewable 

(gas and coal plant [GWh], CO2 capture and storage); 

 Cost: energy price, investment cost, interest rate. 

This software was developed for scenario’s evaluation at the Swiss scale and considers only energy, 

not the other types of resources. Therefore, due to these two reasons and by lack of time to adapt 

the use of this software to Fribourg scale, we will not use it in this report. However, it is a good 

example of a practical tool that allows decision makers to estimate the consequences of 

implementing a specific measure and that helps them to fix priorities in order to achieve more 

sustainable energy consumption.  

http://www.energyscope.ch/
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7 Conclusion 

Our current way of living, with its associated resources consumption and wastes generation, 

is largely responsible for the climate change and its associated consequences, which include drastic 

changes in the ecosystems. Therefore, a more sustainable management of our resources is urgently 

needed. Cities are playing a key role in this field for the future. Indeed, they are the main energy-

consuming and CO2-generating ecosystem, and the population living in cities is still increasing at a 

fast rate. 

The study of urban metabolism, whose aim is to provide quantitative information about the 

consumption of resources and the generation of wastes, is a useful tool that helps decision makers to 

develop scenarios and strategies for a more sustainable city management and an efficient use of 

resources. It quantifies inflows (energy, water, good, raw materials), outflows (solid and liquid 

wastes, gas emissions) and stock changes associated with a system defined in space and time. Two 

kinds of approaches exist for the study of urban metabolism: an ecological approach, the Emergy 

analysis, and an engineering approach, the Material Flow Analysis (MFA). In this report, we have 

chosen to use the MFA approach to study the metabolism of the Swiss city of Fribourg. This approach 

is based on the law of matter conservation and uses physical units (usually tons/years) for the 

quantification of the flows. 

First, the model had to be conceptualized. For that, four categories of flows had been made: solar 

irradiation, energy-related flows, water-related flows and goods-related flows. These categories are 

in reality interacting with each other (e.g. solar irradiation can be used as an energy sources), but this 

categorization was necessary to gain visibility on the functioning of the system constituted by the city 

of Fribourg. Then, data acquisition took place. This step was probably the most challenging one, as 

the data available at the level of the city of Fribourg are quite scarce. Data from sources provided at 

other levels (national or cantonal) had to be used to derivate relevant values for Fribourg and data 

from different years had to be combined. Therefore, our model is not showing exactly the real 

resource flows of Fribourg, but it is a plausible representation of a Swiss city with the socio-economic 

and geographic characteristics of Fribourg, that allows identifying key elements that can be improved 

for a more sustainable urban resource management. 

The first flow to be analysed was solar irradiation. Two kinds of solar irradiation were modelled by 

creating solar maps in ArcGIS. The first map only takes into account the landscape whereas the 

second one considers also vegetation and buildings’ effects. The solar irradiation of the second map 

on the ground is very low due to all these obstacles. The main goal of the modelling of solar 

irradiation was to assess the quantity of solar irradiation that reaches buildings’ roofs and that can be 

used for energy production. To estimate it, we weighted by 75% the highest value of the map 

including obstacles, as the solar irradiation received on the roofs is higher than the mean value 

considering the obstacles’ effects (only few obstacles plays a role at the roof’s level). Values obtained 

by this method are much closer to the solar irradiation obtained without obstacles ‘effects (but still a 

bit lower) than the values that we obtained taking buildings and vegetation into account. This 

estimation might be overestimating slightly the real potential of solar energy because not the whole 

roof area can in reality be covered by solar panels. The potential of PV and solar collector computed 

by this way (which corresponds to a maximum achievable potential with the current technologies) is 

really substantial. Solar energy would, according to these calculations, be able to cover either all the 

electricity needs of the households in Fribourg or all their room heating demand. However, 
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seasonality was not taken into account in this simple estimation; the current problem with solar 

energy is the mismatch between production (higher in summer and during the day) and consumption 

(higher in winter and in the morning and evening). Therefore, storage possibilities have to be 

developed in order to use this considerable potential optimally. Another interesting use of solar 

energy would be passive solar, which consists of designing in a wise way buildings to maximize the 

solar gains. 

Concerning energy, Fribourg is importing a high share (about 95%) of its energy as its local 

production is largely not sufficient to meet its needs. The city is still relying mostly on fossil energies, 

especially oil. The main energy-consuming sector is transportation, which is mainly powered by oil-

based products, followed by the household sector. For the latter, as well as for the services sector, 

room heating is the most energy demanding usage and is currently supplied mainly by oil and gas. 

However, renewable energies such as wood, solar thermal and heat pumps can also be used for this 

purpose. Their use is not very substantial for the moment, but these energy sources have a great 

potential and are worth being more considered for the future. Concerning the industry sector, its 

main energy use is for process heat and process drive. The industry sector, contrarily to the other 

sectors relying predominantly on oil, uses electricity as the dominant energy source. More than half 

of the energy-related CO2 emissions in the city of Fribourg are generated by transportation. This can 

be explained by two factors: first, transportation is the main energy consuming sector, accounting for 

36% of the total energy consumption, secondly, it relies mainly on oil, which is an energy source 

generating a high amount of CO2 per energy unit. For the energy production, Fribourg benefits from 

the presence of the river Sarine, which is exploited for energy production by hydraulic power plants. 

Indigene energy production occurs also by PV, solar collectors and heat pump but the potential of 

these energies is still underexploited and should be encouraged in the future. 

For the water-related flows, Fribourg had two kinds of water inflows: precipitations and the river 

Sarine, which crosses the city. A part of this water is stored in reservoirs and then used to meet 

household and industrial water needs. Households account for 54% in the total water consumption. 

The main usage of water in them is for toilets flushing, followed by shower and bath. These are 

definitely fields where the resource use should be improved, for example by taking simple measures 

such as the use of water-saving devices. After usage, water is send to wastewater treatment plants 

(WWTP) which treats it before releasing it into the environment. The amount of water treated by the 

WWTP is increased by the presence of runoff water (water from precipitation that could not be 

infiltrated in the soil due to the high imperviousness of the city). Runoff waters in Fribourg are really 

substantial, accounting for about 50% of the total water treated by the WWTP. That is problematic 

because it decreases the efficiency of the WWTP (pollutant are more diluted) are requires a bigger 

dimensioning of the WWTP. At the WWTP, biogas is produced by the brewing and digestion by 

bacteria of organic matter contained in the wastewater. Biogas is then sends to the gas network of 

the city or directly converted into electricity or heat by a turbine. 

Concerning goods (including food), Fribourg is a net importer as it is a city, with therefore a high 

tertiary sector (dedicated to services such as health, education and administration) and few 

industries exploiting raw materials. The most imported goods are agricultural and forestry products 

(used for feeding and heating purposes), stones and soils (for construction) and chemical products 

(used for industrial purposes). Inside Fribourg, goods are either consumed (e.g. food or consumption 

goods) or stored, for example in construction or as housing or industrial equipment. The 

consumption of goods generates wastes, which can be incinerated or recycled. In Fribourg, about 
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half of the solid wastes are recycled. This is already quite good, but can still be improved by providing 

more information to people on the recycling possibilities, by giving them incentive to sort their 

wastes and by inciting good producer to reduce the packaging or to use more recyclable materials for 

it. 

A lot of social, economic, environmental or political factors influence the resources consumption, 

either in their quantity, in their provenance or in the way they are exploited. Population growth, 

energy price, climate or political regulations are amongst others example of drivers affecting the 

resource use. In return, our resources consumption and its associated wastes generation have 

impacts on the environment and on human-being, such as climate change, health issues associated 

with high pollutant concentration and Urban Heat Island effect. The identification of these drivers 

and the understanding of their impacts on the resources use are crucial in order to develop scenarios 

for a more sustainable resource management.  

Different measures can be taken at different levels (international, national, cantonal or municipal) in 

order to achieve a more sustainable urban resource management. In this report, three scenarios 

gathering measures on various fields were elaborated: a socio-economic, a politic and a technologic 

scenario. These scenarios are complementing each other and in order to achieve significant 

improvement in the sustainability of the city, measures from the three scenarios have to be 

combined.  

To conclude, a more sustainable resource management is crucially needed. A lot of measures can be 

taken to reach this goal, at different levels, implying different stakeholders, on various fields of 

application and by several different ways. The willingness of individuals to participate to the 

achievement of this goal is crucial and can be supported by financial incentives, political regulation 

and by providing people information helping them to do wiser choices. Technologic improvements 

are also necessary in order to reduce our resources use while keeping our current level of comfort. 

Considering these facts, this report’s aim is to help decision makers of Fribourg and of other similar 

cities to identify key elements that can be improved for a more sustainable urban resource 

management and to give them example of measures that can be implemented to achieve this goal. 
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8 Appendix  

8.1 Monthly solar map – On the surface of Fribourg, without obstacles’ 

effect 

Hereunder, the solar maps created for each month taking only the landscape into account 

(based on a Digital Elevation Model) are represented. The values of solar irradiation are in kWh/m2. 
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8.2 Monthly Solar map – With obstacles’ effect 

Hereunder, the solar maps created for each month taking buildings and vegetation into 

account (based on a Digital Orthophoto Map) are represented. The values of solar irradiation are in 

kWh/m2. 
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